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Tub importance of the physical Ecicnces is now so generally m 
inlttcd that there &re few Jnetitutions of loaming in wlitch thej k 
not made regular hmnohea of etudy. And very property .—for wh* 
can be more interestiTig and instructiTC, what more worthy of tho " 
atliintion of inti^ltigcnt creatures, what more caJculated to inspire 
their minds with a thirst for further knowledge, and fill their hearts 
with reverent gratitude to the Divine Being, than an acqnaintanee 
with the laws of the material world, the mysterious influences con- 
stantly at work in nature, and tie prbcipleB by which atoms and , 
worlds are alike controlled 1 

It in in tho hope of investing this suljiect with a lively interest fl 
and bringing it home to the student by exhibiting the applicaljon^ 
of scientific principles in every -day life, that (ho Natural Philosophy 
here presented to the public has been prepared. The author lias 
sought U) render a subject, abatruso in some of its eonnectionB| easy 
of comprehension, by treating it in a clear Htyle, taking its princi- 
ples one at a time in their natural order, and illustratrag them fully 
with the facts of our daily experience. -The range of topics is com- 
preltensivc. By avoiding unnecessary repetitions, room has been 
found for chapters on Astronomy and Meteorology ; one of which 
subjects, at least, has heretofore been invariably omitted in similaF 
treatises, though a summary of both is important, as time is 
found for pursuing these branches in separate volumes. 

I'ho incorrectness of many of the text-books on Natural FhilM 
ophy has been a subject of general complaint. Grave errors, b 
of theory and fact, have been handed down from one to another, i 
the results obtained by modern rusoarch have been too often o 
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The importance of the physical sciences is now so generally ad- 
mitted that there are few institutions of learning in which they are 
not made regular branches of stady. And very properly. — ^for what 
can be more interesting and instractive, what more worthy of the 
attention of intelligent creatures, what more calculated to inspire 
their minds with a thirst for further knowledge, and fill their hearts 
with reverent gratitude to the Divine Being, than an acquaintance 
with the laws of the material world, the mysterious influences con- 
stantly at work in nature, and the principles by which atoms and 
worlds are alike controlled 1 

It is in the hope of investing this subject with a lively interest, 
and bringing it home to the student by exhibiting the application 
of scientific principles in every-day life, that (he Natural Philosophy 
here presented to the public has been prepared. The autibor has 
sought to render a subject, abstruse in some of its connections, easy 
of comprehension, by treating it in a clear style, taking its princi- 
ples one at a time in their natural order, and illustrating them fully 
with the facts of our daily experience. The range of topics is com- 
prehensive. By avoiding unnecessary repetitions, room has been 
found for chapters on Astronomy and Meteorology ; one of which 
subjects, at least, has heretofore been invariably omitted in similar 
treatises, though a summary of both is important, as time is seldom 
found for pursuing these branches in separate volumes. 

l*he incorrectness of many of the text-books on Natural Philos- 
ophy has been a subject of general complaint. Grave errors, both 
of theory and fact, have been handed down from one to another, and 
the results obtained by modem research have been too often over- 
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looked. In preparing this Tolume, eveiy effort has been made to 
ensure accuracy, the most recent authorities have been consulted, 
and it is believed that a faithful view is presented of the various 
sciences embraced, as far as they are at present developed. It is 
the intention of the author to keep his book up to the times by 
constant revision, and to make such alterations and additions as the 
progress of discovery may require. 

Two styles of type are used in the text ; a larger size for lead- 
ing principles, a smaller size for descriptions of apparatus and exper- 
iments, explanatory illustrations, &c By confining a class to the 
former when the saving of time is an object, a brief yet complete 
course may be taken. Questions at the bottom of each page will 
})0 found to facilitate the examiner's duty, and to afford the pupil a 
moans of testing his preparation before reciting. At the end of 
such chapters as admit of it, easy practical examples have been in- 
troduced, to illustrate the rules and principles set forth. 

An im|)ortant feature of this work is its adaptation to use with 
or without apparatus. The minority of schools have few facilities 
for oxfiorimcntal illustration. The wants of these are here met by 
a tviro UNO of engravings, full descriptions of experiments, and expla- 
lUitlouM of their results. 

Nnw YottE, Juiy li^, 1869. 



UttdUJit di«covories In the different departments of Physics, and 
ilu* Ktmoral ttcwoptanco of now theories with respect to the kindred 
fi»f<u»N, lluat, Ll^ht, and Electricity, having rendered necessary 
iwrUlii ftliitratloiiM In the text, the opportunity has been improved 
Ui fnvUo thu whole work; and this New Edition is offered to the 
pulillci In the liollof that It will be found in all respects accurately 
in ropruMont tlio pruHont state of science. 

Nsw Yoaii, Jamary H 1871. 
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CHAPTER I. 

MATTER AND ITS FORMS. 

1. Matter, — ^Whatever occupies space, whatever we can 
perceive by the senses, is known as Matter. 

Different kinds of matter are called Substances. Earth, 
water, air, are Substances, being different kinds of matter. 

A distinct portion of matter is called a Body. The 
earth, a rain-drop, a bubble, are Bodies. 

2. Force. — ^Whatever acts on a body, to change its form, 
state, or relation to other bodies, is a Force. Heat, light, 
electricity, are Forces. It is by the action of Forces on 
matter that the various phenomena of the universe are 
produced. 

3. Forms of Matter, — ^Matter exists in three forms ; 
Solid, Liquid, and A-er'-i-form. 

A body is said to be Solid, when its particles, while 
they possess the power of vibration within certain limits, 
yet cohere so strongly as to oppose a decided resistance to 
impression or penetration by other bodies ; example, ice. 
Solid bodies are called Solids. 

1. What is Matter? What are different kinds of matter called ? Give examples. 
What is a Body? Give examples. 2. What is a Force? What are produced by 
the action of forces on bodies ? 8. In how many forms does matter exist ? Namo 
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A body is said to be Liquid, when its particles cohere 
so slightly that they can not only vibrate to and fro, but 
also roll freely around each other, and thus oppose but 
little resistance to penetration by other bodies ; example, 
water. Liquid bodies are called Liquids. 

Aeriform means having the form of air^ and matter is 
said to exist in this state when its particles repel each other, 
tending to separate and spread out indefinitely ; example, 
steam. Aeriform bodies are called Gases and Vapors. 

Liquid and afiriform bodies are embraced under the 
general name of Fluids. 

There are marked points of difference between solids and fluids. A solid 
has a permanent shape ; a fluid accommodates its shape to that which con- 
tains it. A solid may often be moved by moving a portion of its particles ; 
as a pitcher by its handle. Not so with a liquid ; when we move only a 
portion of its particles, the rest are detacned by their own weight. Thus, 
by dipping a tumbler into a pail of water, we can not remove all the fluid, 
but only as much as the tumbler contains. 

The same substance may, under different circumstances, appear in all 
three of these forms. Thus, water is a liquid ; when frozen, it becomes ice, 
which is a solid ; when exposed to a certain degree of heat, it is converted 
into steam, which is aeriform. 

4. Glasses of Bodies, — Bodies are distinguished as 
Simple and Compound. 

A Simple Body consists of matter that can not be re- 
solved into more than one element ; as, gold. 

A Compound Body consists of matter that can be re- 
solved into two or more elements ; as air, which is com- 
posed of two gases. 

The simple bodies, or elements, of which every thiog in the universe 
is composed, are sixty-four in number. Of these, fifty-one, distinguished 
by a peculiar lustre, are called Metals. The remaining thirteen are known 
as Non-metallic Elements. 

them. When is a body eaid to be solid ? What are solid bodies called ? When is 
a body said to be liquid? What are liquid bodies cjalled? What does aeriform 
mean? When is a body said to be aSriform? What are aSrtform bodies called? 
What name is applied to both liquid and aSriform bodies? Mention some of the 
marked points of difference between solids and fluids. In how many forms may the 
same sabstance appear? GiKrc an example. 4. Into how many classes are bodies di- 
vided ? Name them. What is a Simple body ? What is a Compound body ? How 
many simple bodies are there? How are they divided? Name the principal met- 



SIMPLB BDHSTANCEB. 

'The printdpal meUls are the seven kanwii to Qie uioienti, — gold, silver, 
iron, acipper,i]ierclU7, load, &nd tia ; uitmioQ]', whicfa vtoh next dlBoovoriHl, 
in 1190 ; biamutli, xino, anenia, oobalt, plat'4-Qum, nickel, DiiiiiguicBe,&0. 
The thirteeu noa-metulllQ elements areox'-j-geo, hf'-dro-gen,ni'-tro-gtD, 
eMorino {ilo'-rteii], iodine [i'-d-Akb], bromiDB [Jre'-mwn], finorioe [Jiii-o- 
ntn], Be-le'-oi-um, sitlpliur, phonpIioruB, earbon, ail'-i-oon, uid bo'-ron, 

These simple eubatsnoea are rarely found; uearij ovety body that wb 
meet with is oompaeod of t\TO or more elements, and la therefbre compound. 
Buoli ia t)ie caae with tar, which was aaciantly thought to be a aimplo Enb- 
BtJUiee, but was proved, townrdB the oloee of the eighteenth oeotury, to be 
B mixture, by weight, of 29 ports af oxjgen and Ttputs of nitrogen. Water, 
also, lias been found to he a coiDponnd substaDoe, made op of oxygon and 
hydrogen oombiood in the ptoportion, by weight, of 8 10 1. Of the siitty- 
four elements referred to above, twenty are ao rare that tlioir ptopertieB ara 
not fully known; thirty mnre are cpcnparntively seldom met with; the i 
remainder oonstitnto the gnuit bulk of the globe and bU that ia tliereac. 

The consideration of the Bimplo Bubstances, with their ■ 
projterties and conibinationa, belongs to the adenco of ' 
GiiEHi^rBT. The force that causes thorn to combine nud 
produce «ompoimd substances, is called Chemical Affinity. ' 
Oxygen and hydrogen combine and form water, in conse- | 
quenoe of their chemical affinity. 

CheoiicaJ affinity auhsiatfi only between uertoin sabstancos. If anlphnric 

acid be poured on a piece of aoo, the two aubataocea will combine and 

form a compound entirely different Ihim either. I'our (he acid on a lump of 

gold, Bod no auch change will ensue, becouae (hem ia do obeiiiical albnitj lie- 

eenthnm. 

6. Natural Philosophy. — Natural PhOosophy is the 

I science that treats of the properties and laws of matter. It 

is also called Pirvsics. 

Pythagoras was the first to use the ttinn pMloK>pAy. Prom him and hf« J 
IbUoffera it was bon'owed by Socralce; who, wlien the olberaageaof hie ti 
coiled thomeelTea aopfiigta, or vhu mtn, modeatly declared biDiBdf a piiUno- \ 
W, or fowirn/' astern.— FliiloBopby implifla u search for truth; and Nnlii- 
.1 PhiluBopby, m dietioguislied from Moral and Intellectual Philosoplij, 
acarchBg (or the truths connected with tb« malerial world. 
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6. Modes of Investigation, — We arrive at the &ct8 of 
Natural Philosophy in two ways ; by Observation and Ex- 
periment. Observation consists in watching such phenom- 
ena, or appearances, as occur in the course of natura 
Experiment consists in causing such phenomena to occur 
when and where we wish, for the purpose of noting the 
attendant circumstances and resolts. 

For example, we arrive at the fact that an unsupported body will descend 
to the earth's surface, when we see an apple fall from a bough ; this is by Ob- 
serration. We learn the same fact, when, with the view of ascertaining 
what it will do, we let an apple drop from our hands ; this is by Experiment 

7. Modes of Reasoning. — Having obtained our fisicts in 
the two ways just described, and classified them, we next 
proceed from individual cases to deduce general laws. This 
is called Reasoning by Induction. 

Thus, if we try the experiment with many different apples, and find that 
each, when let go, will fall to the ground, we lay down the general law that 
all apples will fall in like manner. If we find that not only apples do this, 
but also other objects with which we make the trial, we go a step further, 
and announce another law, that aU objects lefk unsupported will fall to the 
ground. 

It is by this process that most of the laws and principles of Natural Phi- 
losophy have been established. Archimedes [ar-ke-me^-deez], the Sicilian 
philosopher, used it over two thousand years ago. Gal-i-le'-o revived it in 
modern times, and it may be said to Iie«t the foundation of all the great dis- 
coveries of Newton. 

When we have two similar phenomena and know that 
one proceeds from a certain cause, we attribute the other 
to the same cause. This is called Reasoning by Analogy. 

Such reasoning is employed in the case of all bodies that are beyond our 
reach. From what is near, we draw conclusions respecting what is remote. 
It is thus, for example, that the philosopher explains the motions of the heav- 
enly bodies, extending to them, by analogous reasoning, the same principles 
that govern the motion of bodies on the earth. 

8. Division of the Subject. — ^Natural Philosophy, hav- 



origlnate? Who borrowed it from Pythagoras? What does philosophy imply? 
What is the particular province of Natural Philosophy ? 8. How do we arrive at 
the facts of Natural Philosophy? In what does Observation consist? In what, Ex- 
periment ? Illustrate these definitions. 7. What is meant by reaaofUnff by indue- 
Uont Give an example. By what philosophers has this mode of reasoning been 
employed? What is meant by reasoning by cmalogyt Give an example. 8. What 
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ing to treat of matter in all its forms, as well as the forces 
that act upon it, embraces the following branches : — 

Mechanics, which treats of forces and their application 
in machines. To Mechanics belong 

Hy-dro-stat'-ics, which treats of liquids at rest ; 

Hy-drau'-lics, which treats of liquids in motion. 

Pneumatics [ntc-mat'-icsly which treats of gases and 
vapors. 

Pyr-o-nom'-ics, which treats of heat. 

Optics, which treats of light and vision. 

Acoustics [orcow'-sticsly which treats of sound. 

Electricity, which treats of the force so called. To 
Electricity belong 

Galvanism, which treats of electricity produced by 
chemical action ; 

Thermo-electricity, which treats of electricity developed 
by heat ; 

Magneto-electricity, which treats of electricity devel- 
oped by magnetism. 

Magnetism, which treats of magnets and the forces they 
develop. To Magnetism belongs 

Electro-magnetism, which treats of magnetism devel- 
oped by electricity. 

Astronomy, which treats of the heavenly bodies. 

Me-te-o-rol'-o-gy, which treats of the phenomena of the 
atmosphere. 



branches does Natural Philosophy embrace ? Of what does Mechanics treat ? Hy- 
drostatics? Hydraulics? Pneumatics? Pyrononiics? Optics? Aconatics? Elec- 
tricity ? Galvanism ? Thermo-electricity ? Magneto-electricity ? Magnetism ? 
Eloctro-nkagnetlsm ? Astronomj ? Meteorology ? 



'irif^^veJ 



i' 
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CHAPTER II. 

PROPERTIES OF MATTER. 

9. EvEEY distinct portion of matter possesses certain 
properties. Some of these belong in common to all bodies, 
solid, liquid, and aeriform, and are called Universal Prop- 
erties of matter. Others, again, are found only in certain 
substances, and these are known as Accessory Properties. 

The Universal Properties of matter are Extension, Fig- 
ure, Impenetrability, Indestructibility, Inertia [in-er^ -8h(i\^ 
Divisibility, Porosity, Compressibility, Expansibility, Mo- 
bility, and Gravitation. 

The principal Accessory Properties are Cohesion, Ad- 
hesion, Hardness, Tenacity, Elasticity, Brittleness, Mallea- 
bility, and Ductility. 

We proceed to consider these properties in turn. 

10. Extension. — ^Extension is that property by which 
a body occupies a certain portion of space. The portion 
of space thus occupied is called its Place. 

In other words, every body, however small, must have some size, or ft 
certain length, breadth, and thickness, which are called its Dimensions. 
The greatest of these three dimensions is its Length ; the next greatest, its 
Breadth, or Width ; the least, its Thickness. But, instead of any of these 
terms, we use the word TieigM to denote distance from bottom to top in the 
case of objects towering above us, and depth to denote distance from top to 
bottom in the case of objects extending below us. 

11. Figure. — Figure is that property by which a body 
has a certain shape. 

This property necessarily follows from Extension ; for since every body 
must have length, breadth, and thickness, it must also have some definite 

9. What is meant by Universal Properties of matter ? What is meant by Acces- 
sory Properties ? Enumerate the universal properties. Mention the principal ac- 
cessory properties. 10. What is Extension ? What is meant by the dimensions of a 
body ? What is Length ? Breadth ? Thickness ? When are the terms height and 
depth used ? IL What is Figure ? From what does figure follow ? What is the 
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iliape. While this is true of all bodies, it must bo remembered that the form 
of solids is permanent, while that of fluids varies, to adapt itself to every new 
surface with which it comes in contact. A bullet keeps the same shape, 
wherever it is placed ; whereas a quantity of water, poured from a tumbler 
into a pail, visibly changes its form. 

12. Impknetbability. — ^Impenetrability is that property 
by which a body occupies a certain portion of space, to the 
exclusion for the time of all other bodies. 

Impenetrability may be illustrated with a variety of simple experiments. 
Fill a tumbler to the brim with water, and drop in a bullet ; the water will at 
once overflow. Fill a bottle with water, and try to put the cork in ; the cork 
will not enter till it has displaced some of the water : if it fit so closely that 
the water can not escape, and a hard pressure be exerted, the bottle will 



burst. 



Flg.l. 




The impenetrability of air is shown with the ap- 
paratus represented in Figure 1. A is a glass jar 
fitted with an air-tight cork, through which a funnel, 
B, enters the jar. C is a bent tube, one end of which 
also passes through the coi^ into the jar, while the 
other is received in a glass of water, D. Let water 
be poured into the funnel ; as it descends, drop by 
drop, into the jar, air passes out through the bent 
tube, and escapes through the water in D in the form 
of bubbles. Thus it is shown that water and air can 
not occupy the same space at the same time. 

13. Impenetrability belongs to all substances, though in some cases it 
may appear to be wanting. A nail, for instance, is driven into a piece of 
wood without increasing its size ; but it efiects an entrance by forcing to- 
gether the fibres of the wood, not by occupying their space at the same time 
with them. In like manner, a certain amount of salt and sugar may be suc- 
cessively dropped into a tumbler brim-full of water without causing it to over- 
flow. The particles of water, which are supposed to be globular, do not 
everywhere touch each other, and the particles of salt are accommodated in 
the interstices between them. These in turn leave minute Fig. 2. 
spaces, into which the still smaller particles of sugar find their 
way. Fig. 2 exhibits such an arrangement. To illustrate it 
familiarly, we may fill a vessel with as many oranges is it 
will hold, and then pour on a quantity of peas, shaking the 
vessel slightly so that they may settle in the empty spaces. 




diiferonco between solids and fluids as regards figure ? 12. What is Imponetnibility ? 
Give some familiar illustrations of this property. Describe the experiment with the 
apparatus represented in Fig. 1. 13. What is said of those cases in which impen- 
eto^ility ajipears to be wanting? Illustrate this with the naiU Explain how salt 
and sugar may bo dropped into a tumbler full of water without causing it to over 
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When the vessel will receive no more peas, repeat the process with fine grar- 
el, UD(1 it will be found that a considerable quantity will lodge between tho 
oranges &nd peas. 

14. Indesteuctibility. — Indestructibility is that prop- 
erty wliich renders a body incapable of being destroyed. 

Matter may be made to assume a new form and new 
properties, but it can not cease to exist. The quantity of 
matter now in the world is precisely the same as when it 
was first called into being, and it will continue undimin- 
ished till the end of time. The Deity alone created, and it 
is only He that can destroy. 

15. To this universal law we have some apparent exceptions; but, when 
closely examined, it will be found that they are exceptions in appearance 
only. Water, for instance, exposed to the air in a shallow dish, will at length 
disappear by evaporation ; but it is not destroyed. Assuming the form of 
vapor, it ascends, becomes incorporated with clouds, is condensed into rain, 
and falls, — to go through the same process again. — The oil in a burning lamp 
gradually gets lower and lower till at last it is all gone, and we say it is 
burned up ; but the process of combustion, or burning, only changes it into 
invisible gases, — ^not one particle of its substance is lost. In like manner, 
when fuel of any kind is consumed, there is only a change of form, not a de- 
struction of the least portion of matter. 

Such changes are constantly going on in the operations of nature. One 
body perishes, and of the materials that composed it another is formed. Our 
own frames may contain particles that were in the bodies of Adam, Noah, or 
Socrates ; or, if they do not now, may do so to-morrow, for they are constant- 
ly parting with portions of their substance, the place of which is as con- 
stantly supplied by new matter. It is supposed that the whole body, in- 
cluding even the innermost parts of its hardest bones, is completely renewed 
every seven years. Yet, amid all the countless transitions of nature, not a 
single particle of matter is destroyed or lost. 

IG. It was by a knowledge of the indcstructibiKty of matter that Sir Wal- 
ter Raleigh is said to have won a wager of Queen Elizabeth. Having weighed 
out a sufficient quantity of tobacco to fill his pipe, he came into the queen's 
presence, and as the wreaths of smoke curled up offered to bet her Majesty 
that he could tell their weight. Elizabeth accepted the bet, and Sir Walter 
quietly finished his pipe ; then, having shaken out the ashes, he weighed 
them, and, subtracting the amount from that of the tobacco originally put 



flow. 14 What is Indestrnctibility ? What can bo done to matter, and what not ? 
15. What is said of tho apparent exceptions to this law ? What becomes of water 
exposed to the air ? What bucomeg of the oil In a burning lamp ? What is said of 
the changes of nature ? What is said of the changes in tho human body ? 16. How 
did Sir Walter Kahigh teach Queen Elizabeth that matter is indestructible ? 17. What 
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in, told the queen tiie exact weight of the smoke. Elizabeth paid the wager, 
and thus learned to her cost that matter is indestructible. 

17. Ineetia. — ^Inertia is that property which renders a 
body incapable of putting itself in motion when at rest, or 
coming to rest when in motion. 

When a stationary body begins to move, or a moving 
body comes to rest, it is not through any power of its own, 
but because it is acted on by some external agency, which 
wo call a F6rce. 

That no inanimate bodjf can put itself in motion, is evident from our dail j 
experience. The rocks that we saw on the earth's surface ten years ago are 
to-day in precisely the same place as they then were, and there they will re- 
main forever unless some force removes them. 

It is equally true, though not so obvious, that a body once in motion can 
not of itself cease to move. The earth revolves on its axis, the heavenly 
bodies move in their orbits, just as they did at the time of the Creation ; they 
have no power to stop. It is true that on the surface of the earth a moving 
body gradually comes to rest, when the force which put it in motion ceases 
to act ; but this is owing to the resistance of the air and a force which draws 
it towards the centre of the earth — not to any agency of its own. Remove 
all external forces, and its inertia would keep it moving on in a straight line 
forever. 

18. Familiar Fxamples. — It is in consequence of inertia that a horse has to 
strain hard at first to move a load, which, when it is once in motion, he can 
draw with ease. A car, through its inertia, continues moving after the loco- 
motive is detached^ Through inertia, a person standing erect in a stationary 
boat or wagon is tfirown backward if it suddenly starts : his feet, touching 
the bottom, are carried forward with it, while his body by its inertia does not 
partake of the onward motion and falls backward. So, a person standing 
erect in a boat or wagon that is moving rap- ^. ^ 

idly, is thrown forward if it suddenly stops ; 
his feet cease to move atence, while his body 
continues in motion in consequence of its iner- 
tia, and falls forward. 

19. An interesting experiment to illustrate 
inertia may be performed with the apparatus 
represented in Pig. 3. On the top of a short 
pillar is placed a card, and on the card a brass 
ball. Beside the pillar is fixed a steel spring, 
with an apparatus for drawing it back. If the 

is Inertia? What is a Force ? What evidences of the inertia of matter have wo in 
nature ? If inertia is one of the properties of matter, why docs a moving body come 
to rest on the earth's surface ? 18. Give some familiar examples of inertia and its 
consequences. 19. Describe the experiment with the inertia ai>paratu8. Describe 
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Those who hare not the aboTe apparatus niS7 balanc« a card with a penny 
placed upon it oo tfae ttp of one of tbe Qngeis ol the left hand, and strike it 
pi^ ^ Buddenlf nitb the middle finger 

of the right hoiid. aa repreaenled 
in Fig. 4. If properly balanced 
and eienl; i(|gri(^rtU card «ill 
i6j Bwaj, and ibtt penny will be 
left OQ the fingen* 

IiMtkeee caaea, there ia not 
auffioiri&t time for tbe card to 
orercome tbe inertia of the ball 
and tbe penny, and impart to 
them its own motion. When, 
ited by one hody to another reat- 

mps from it runs the risk of being 




ing on It, the inertia of the lullcr keeps il 
ciLiTL^G partakes of its motion, and if he j 
Ibniwa down, because his ieet cease to 
ground, while tbe inertia of hia body cai 
rig. 6. 



'^Ty^i 



»ard. The circus-rider 
takes adranta^of this fact. 
- While his hone is going at 



i ^J I 1 ™P* eilended across I 

' ^ i""" ^'^'! ' ( ""* ^^^ ^^' ^^ ™^ 




saddle without di 



footing on the 

■ . difficulty. 

has only to 

leap straight up as be comes 

3, fbr hia inertia 

~ beara him along in the same 

^^S^^S^ direction as his horse. 
A bnllct thrown at a pane of glass breaks it iato many pieces, but, fired 
at it n^im ariSe, merely makes a circular hole. In the latter case, all the par- 
ticles of glass, OD account of their inertia, can not immediately acquire the 
rapid motion of the bullet; end consequently only that portion which is 
struck is carried onward. On the same principle, a thin stick resting on two 
wiue-gluBses (see Fig, S) may be broken by a quick blow with a poker in its 
centre, without injury to its brittle supports. 



■. What la tbs cftPot of Intrtia, when motion 
Wliy la a person who jumps from a c»r- 
a tbe leap of tb« cimiia-Kder. Vbat Is the 
iurgbu.aDdwhBtofOrlnj-lt! WhatmuseH 
bu perfonnea to illuetnta this point T 20. Ta 
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DiviaiBiLrry, 

20. The heavier a body is, 

the greater ia its inertia ; the 
more strongly does it resist 
forces that would set it in 
motion, change its motion, or 
stop its motion. 

Inatinct te&cbes this fact. A. child, 
when nearly orertaken by a, man, will 
Buddenlj turn, or " dudgo" sa he calls 
il, thus gaining ground, inaamuch as 

the grealar weight and inertia of the man compel him to make a longei 
So a bare, in making for a corer often escapes a bound bj making > 
ber of quick tuma. The greatermvrliaof the FeT 

liouod carries him too far, and thu obi gea 
him to pass over a greater space as seen m 
Fig. !, in which the continuous e shows tht 
bore's path and the dotted line the bound s 

21, Divisibility. — Dmsibihty 
ia that property which renders a 
body capable of being divided 

Atomic Theory. — Practicall; 
there is no limit to thi, divisibibtj 
of matter. Moat philosophers, how- 
ever, hold what is called the Atom 
io Theory, — that if we had more 
acute senses and instruments sufiincntly delicate, we would 
at last, in dividing and subdividing matter, arrive at ex- 
ceedingly small particles, incapable of further division. 
Such particles they call Atoms, a term derived from a 
Greek word meaning indivisible. 

According to this theory, different kinds of matter are 
made up of different kinds of atoms; but in the same sub- 
stance the atoms are always the same in shape and nature. 
It must bo remembered, however, that no particle has yet 
been arrived at that can not be divided. 

£2. Inttances of IHviaibility. — Matter has been diiided inlo parts incrcdi- 

;,«i>BtiB'* body's inerUa pntportloneil I How do chlldien turn tbia Ibct la aseuuntt 
How doHS the burn xpgty this prine 
Pmlt to the dlvlalUUtf of mattocT 
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biy minute. With the proper instrument, ten thousand distinct parallel lines 
can be drawn on a smooth surface an inch in width. So minute are these 
lines that thej can not be seen without a microscope, not even a scratch be- 
ing visible to the naked eje. 

A grain of musk will diffuse a perceptible odor through an apartment for 
twenty years. It does this by filling the air with particles of its substance ; 
but so inconceivably minute are these particles, that, if the musk is weighed 
at the end of the twenty years, no loss of weight can be detected. 

A grain of copper dissolved in nitric acid will impart a blue color to three 
pints of water. Each separable particle of water must contain a portion of 
the grain of copper, — ^which is thus, it has been computed, divided into no 
less than 100,000,000 parts. 

23. Nature affords many striking examples of the divisibility of matter. 
The spider's web is so attenuated that a sufficient quantity of it to go around 
the earth would weigh only eight ounc^ ; and yet this minute thread con- 
sists of about a thousand separate filaments. 

Blood is composed of small red globules floating in a colorless liquid. Of 
these globules, every drop of human blood contains at least a million. Mi- 
nute as they are, they may be divided into globules much more minute. As 
we descend in the scale of creation, we come to animids whose whole bodies 
are no larger than these little globules of human blood, yet possess all the 
organs necessary to life. How inconceivably small are the vessels through 
which the fluids of their bodies must circulate ! 

The microscope reveals to us wonders of animal life that are almost in- 
credible. It shows us in duck-weed animalcules so small that it would take 
ten thousand millions of them to equal the size of a hemp-seed. In a single 
drop of ditch-water, it exhibits myriads of moving creatures. The mineral 
called tripoli is formed of these animalcules fossilized or turned into stone ; 
and it has been shown that the fortieth part of a cubic inch of this mineral 
contains the bodies of no less than a thousand million animalcules — ^nearly 
as many as the whole number of human beings on the globe. 

24. Porosity. — The shape of the atoms of different 
bodies, we have no means of determining. By reason of 
their shape, however, or from some other cause, they do 
not everywhere touch each other, but are separated by 
interstices, to which we give the name of Pores. Pores 
are often visible to the naked eye, as in sponge and pumice- 
stone ; in other cases, as in gold and granite, they are too 
minute to be detected even with the microscope. 



22. How has the divisibility of matter been illostrated with a smooth surface an inch 
in width ? IIow does a grain of musk prove divisibility ? How, a grain of copi>er? 

23. What is said of the spider's web? Mention some examples of the divisibility of 
matter afforded by natore. What does the microscope reveal to us ? Mention some 
of these wonders. 24 What ore Pores ? What is said of the difference in the size 
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25. Porosity is the property of having pores. It be- 
longs to all bodies. 

26. That water is porous, is proved bj the fact that a vessel filled with it 
will receive considerable quantities of salt and sugar without overflowing. 
What can become of these substances, unless, as shown in Fig. 2, their par- 
ticles lodge in the interstices between the particles of water ? It is on this 
principle that hot water receives more salt and sugar without overflowing 
than cold. Heat expands water, — ^that is, forces its particles further apart,-^ 
and thus enables a greater quantity of salt and sugar to lodge between them. 

That granite is porous, is shown by placing a piece of it in a vessel oi 
water under the receiver of an air-pump (described on page 178), and remov- 
ing the air. Little bubbles will soon be seen rising through the water. These 
bubbles are the air contained in the invisible pores of the granite. 

A piece of iron is made smaller by hammering. This proves its porosity.. 
Its particles could not be brought into closer contact, if there were no inter- 
stices between them. 

27. An experiment performed some years ago at Florence, Italy, to ascer- 
tain whether water could be compressed, proved that gold is porous. A vio- 
lent pressure was brought to bear on a hollow sphere of gold filled with water. 
The water made its way through the gold and appeared on the outside of the 
sphere. Water will thus pass through pores not more than one half of the 
millionth of an inch in diameter. 

28. Density and Rarity. — The fewer and smaller the 
pores in a body, the more compact are its particles, and 
the greater is the weight of a given bulk. Bodies whose 
particles are close together* are called Dense; those with 
large or numerous pores are called Rare, 

29. Compressibility and Expansibility. — ^These two 
properties are the opposites of each other. Compressibility 
is that property which renders a body capable of beiag re- 
duced in size. Expansibility is that property which renders 
a body capable of being increased in size. 

Compressibility and Expansibility follow from porosity. 
Since the particles of bodies do not everywhere touch each 
other, the application of a sufficient force will bring them 
closer together, and the size of the bodies will thus be re- 

of the pores ? 26. What is Porosity f 2«. How is water proved to be porous ? WLy 
does hot water receive moro salt and sugar than cold ? How may it be proved that 
granite is porous ? How is the porosity of iron proved ? 27. Give an account of the 
experiment by which the porosity of gold was proved. How small pores will water 
pass through ? 23. What bodies are called dense t What bodies arc called rare T 
29. What is Compressibility ? What is Expansibility ? Show how these propertie^i 
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Fig. 8. 




duced. A sponge, for instance, by the simple pressure of the 
hand, can be reduced to one-tenth of its natural size. In like 
manner, if the pores of a body are made larger by any agency 
(as they are by heat), its size is proportionately increased. 

80. All bodies possess these properties. A rod of iron, 
too large to enter a certain opening, may be so compressed bj 
hammering as to pass through it, and then so expanded by 
heat as to render its entrance again impossible. Liquids, 
which were long considered incompressible, are now known 

II to yield to a high degree of pressure ; their expansibility is 

1 illustrated by the rise of mercury in the thermometer. 

I a The compressibility and expansibility of air are shown 

by the apparatus represented in Fig. 8. Let P be a piston, 
fitted, air-tight, to the cylinder A B. As the piston is driven 
down, the air, unable to escape, is compressed; as it is 
drawn back, the air expands. 

Aeriform bodies are more easily compressed and ex- 
panded than any others. 

31. MoBiuTY. — Mobility is that property which renders 
a body capable of being moved. 

Though the inertia of bodies prevents them from mov- 
ing themselves, yet there is no body that can not be moved 
by the application of a proper force. 

32. Gravitation. — Gravitation, or the Attraction of 
Gravitation, is a force residing in every body, by virtue 

Fig. 9. of which it tends to draw every other body to 
itself. A cannon-ball dropped from the hand 
falls to the earth by reason of the attraction 
of gravitation. The earth at the same time 
moves towards the cannon-ball, but through 
a space inconceivably small in consequence ot 
its vast superiority in size over the baU. 

That the cannon-ball is capable of attracting as well as 
being attracted, may be proved by suspending two balls close 
to each other by very long cords. In consequence of the 
attraction of the balls, the cords will not hang parallel, but 
will incline towards each other as they descend, as shown 
^ ^ in Fig. 9. 




follow from porosity. 80. How may compressibility and expansibility be illustrated 
with an iron rod ? What is said of these properties in liquids ? How may the com- 
pressibility and expansibility of air be shown ? What bodies are most easily com* 
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Fig. 10. 



We now proceed to the Accessory Properties, which 
are confined to certain bodies. 

33. Cohesion. — Cohesion is that property by which the 
particles of a body cling to each other. As particles are 
also called mx)X -e-cuUa^ Cohesion has received firom some 
authors the name of Mo-lec'-u-lar Attraction. 

Cohesion belongs particularlj to solids, and is in fact the cause of their 
soliditj. In some it is stronger than in others, rendering them harder or 
more tenacious. Liquids have so little cohesion that their weight alone over- 
comes it, and causes a separation of particles. In aeriform fluids cohesion 
is entirely wanting, its place being supplied by a Repulsive Force, which 
tends to make their particles spread out from each other. 

34. Adhesion. — ^Adhesion is that property by which the 
surfaces of two different bodies placed in contact cling to- 
gether. 

The bodies in question may 
be of the same kind of mat- 
ter. This is proved by an ex- 
periment with two glass plates 
ground perfectly even. Let 
these be pressed together, and 
it will be found, on attempt- 
ing to pull them apart by their 
handles, that considerable 
force will be required. The 
larger the surfaces of the 
plates, the harder it will be to 
separate them. A pair of Ad- 
hesion Plates is represented 
In Fig. 10. 

Adhesion also operates 
between the surfaces of sol- 
ids and liquids. Suspend a 
piece of copper-plate from 
one side of a pair of scales, 
in such a way that its under 
surfiEice may be parallel to 
the floor, and balance it with 
weights placed in the scale 
on the other side. Then, . 
without disturbing the cop- 
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Fig. 11. 
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pressed and expanded? 81. What is Mobility? 82. What is Gravitation? How 
does it operate in the case of a cannon ball dropped from the hand to the earth f 
How does it operate In the case of two cannon-balls suspended close to each other? 
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per, place a ressel beneath it, as in Fig. 11, and pour in water till the liquid 
just reaches the plate. The adhesion between the solid and the liquid is now 
so strong that additional weights (more or less, according to the extent of 
surface) may be put in the scale on the other side without causing them to 
separate. 

35. Hakdness. — Hardness is that property by which a 
body resists any foreign substance that attempts to force a 
passage between its particles. 

The hardness of a body depends on the degree of firm- 
ness with which its particles cohere. It is therefore en- 
tirely distinct dfrom density, which depends on the number 
of particles in a given bulk. Thus lead is denser but not 
hard, 

Neither liquids nor aeriform fluids possess this property; and even in 
some solids, for instance butter and wax, it is almost entirely wanting. 

Of two bodies, that is the harder which will scratch the surface of the 
other. By trying the experiment with different substances, it is found that 
the precious stones are harder than any other class of bodies, the diamond 
standing first, and the ruby, sapphire, topaz, and emerald following in order. 
Rhodium and iridium are among the hardest metals, on which account they 
are used for the tips' of gold pens. 

36. Tenacity. — ^Tenacity is that property by which a 
body resists a force that tends to pull it into pieces. 

Both hardness and tenacity are the result of cohesion ; 
but they must not be confounded. Of several rods equally 
thick, that which will support the greatest weight without 
breaking is the most tenacious ; that which it is most diffi- 
cult to cut into, is the hardest. 

The metals generally are remarkable for their tenacity. Some, however, 
possess this property in a higher degree than others. This may be shown 
by comparing the weights which different metallic wires of the same size 
are capable of supporting. An iron wire one-tenth of an inch in diameter 
will sustain nearly 550 pounds without breaking, while one of lead will be 
broken by a weight of 28 pounds. 

88. What is Cohesion? What other name has been given to cohesion? What 
is said of coh^on in solids? In liquids? In aeriform fluids? 84 What is 
Adhesion? Describe the experiment with adhesion plates. Describe the exper- 
iment which proves that adhesion operates between solids and liquids. 85. What 
is Hardness? What is the diflPerence between hardness and density? In what 
is hardness wanting? How may it be determined which of twb bodies is the 
liarder ? What bodies are the hardest as a class ? Mention the order in which 
they rank. What two metals are distinguished for their hardness? 8ft. What 
is Tenacity ? Of what are both hardness and tenacity the result ? Show the dlflfor' 
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ffaan either of fhem aeptmkAj. Thus bell-metal is modi more elastiQ than 
either the tin or the ooppo' of which it is composed. 

45. An elastic body, thrown against any hard substance, 
rebounds. An india rubber ball bounds back from a wall, 
to a distance proportioned to the force with which it> is 
thrown* In such cases, the ball is flattened at the point of 
contact, but instantly resumes its former shape with such 
force as to drive the ball back. 

To prove this, take two irorj balls (Fig. 12), smear one of Fig. li. 
them with printer^s ink, and ^ospend them near each other hj 






strings of equal length. Bring them gently in contact, and a | 
few particles of ink will adhere to the surface of the clean 
ball : strike them yiolentlj together, and a larger spot of ink 
will be found there. This could not hi^pen if the two baDs 
were not flattened at the moment of striking. 

46. There is a limit to the elasticitj of most bodies, beyond 
which, if compressed, dilated, or bent, they will fiul to regain 
their original form. An iron wire, if slightly beu^ springs 
back, so that no change of form can be detected ; but not so, 
if violently bent. A continued application <^ the compressing, 
dilating, or bending force, has the same effect A bow, if kept 
bent for a long time, will lose its dasticitf. For this reason, 
an archer, before putting his bow away, is careful to un- 
string it 

47. The liquids have but little elasticity. They are 
therefore called Non-elastic Fluids ; while aeriform bodies, 
which possess this property in a higher degree than any 
others, are known as Elastic Fluids. 

48. Malleabiijty. — ^Malleability is that property which 
renders a body capable of being rolled out or hammered 
into sheets. 

From a piece of c<^per, a workm^ with no other instrument than his 
hammer will make a hollow vessel without jmnt or seam, the malleability of 
the metal preventing it from giving way und^ his blows. Dough, which 
can be made into very thin sheets under the idHing-pin, affords a familiar 
illustration of malleabflity. 

Malleability bdongs chiefly to the metals, yet in some of them, such as 
antimony and bismuth, it is wanting. It is strikingly exhibited in silver. 



metals ? Give an ex|mple. 45i What does an elastio body do, when thrown against 
a hard snbstance ? In such cases, what takes place ? Proye this by an experiment 
46w What is said oftheUmit of elasticity? Give examples^ 47. What names have 
been given to liquids and aeriform bodies ? Why f 4& What is MaUeabiiity f Giva 
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platinum, iron, and copper, but most of all in gold. A cubic inch of this met- 
al may be beaten out till it covers 282,000 square inches, which makes the leaf 
only TTsVsir ^^ *^ ^^^ thick. In other words, it would take 282,000 strips 
of such gold leaf, lying on each other, to make the thickness of an inch. 

49. DucnLiTY. — ^Ductility is that property which ren- 
ders a body capable of being drawn out into wire. 

The malleable metals are for the most part ductile, but 
not always in the same degree. Thus gold exceeds all the 
other metals in ductility as well as in malleability ; but tin, 
which can readily be beaten into very thin sheets, can not 
be drawn out into small wire. 

Gold wire has been made so attenuated that fifty miles of it would weigh 
but an ounce. Platinum, which is nearly as ductile as gold, has been drawn 
into wire only ^^^^^ of an inch in diameter and invisible to the naked eye. 
Glass, when softened by fire, becomes exceedingly ductile, and may be spun 
out into flexible and elastic threads scarcely larger than the thread of the 
silk-worm. 



-•♦♦- 



CHAPTER III. 

MEG HA N I O S. 

60. Mechanics is that branch of Natural Philosophy 
which treats of forces and their application in machines. 

61. Force and Resistance. — ^When we see a body be- 
gin to move, cease to move, or change its motion, since it 
can do neither of itself we know that it has been acted on 
by some external agency, which we call a Force. Tlie 
elasticity of a bow which sends an arrow through the air, 
is a force ; the wind, ijhich changes its direction, is a force ; 
the attraction of graVitation, which brings it to the earth 
and helps to stop its motion, is a force. 



Axamples. To what does malleability chiefly belong ? Show the extreme malleabil, 
ity of gold. 49. What is Ductility ? What substances are for the most part ductile ? 
What is the most ductile substance known ? What facts are stated, illustrating tho 
ductility of gold, platinum, and glass? 

60. What Is Mechanics? 51. What is a Force ? Give illustrations. What is the 
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l^at wMch oppoaea a force is collGd the ResiBtance. 
In the above example, the inertia of the arrow is the re- i 
Bistance. 

Forces may act on bodies so as to produce either Mo- ) 
tlon or Rest. 

motion. 

fi2. Motion is a change of place. 

53. Motion is either Absolute or Relative, 

Absolute Motion ia a change of place with reference to 
a fixed point. Relative Motion is a change of place with 
reference to a point that is itself moving. 

Two boIlB aro rolled on the floor. The motion of each, ad TVgtida the pi 
from vrliioh it naa thrown, ia obsoluto ; their motiDQ with refereoCH lo e 

54. RisT. — ^Reat is the opposite of motion, and implies 
continuance in the same place. 

Like motion. Rest ia either Absolute or Relative. A 
man sitting on a steamer that is moving forward five feet 
in a second, is at rest relatively to the other objects on 
board. To he at rest ahsoluteli/, ho must walk five feet 
every second towards the stern of the boat. 

strictly speakiiig, thore ia no auoh thing as absolute rest in any of tbs ob- 
jeotB that BuiTOumi us; for tho earth ihotph round the sun at the rale of 
about 03,000 fed in a second, and curriaa wilh it Bveiy thing on its surface. 
Hills, trees, and hoaaes, IhereTorB, thoogh Ibe; occapf the same pUoe with 
reBpect to each other, are reallf travelling throngh gpucD nith immeDSe m- 
piditj. Tet as tbia ia Ibo case with oursolres, with the atmosplicre, bdi! all 

inga about us, we regard an object as ctbsolutelj at reit if it hoa ua other 

stion than this. 

55. Vblooity. — ^Tho Velocity of a body is the rate at 
which it moves. 

This rate is determined by the space it passes over in a 
given time. Tlie greater the space, the greater the velo- 
city. Thus, if A walks two miles an hour, and B four, B's 
Telocity is twice aa great as A'a, 
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platinam, ixxm, and copper, bat most of all in gold. A cnbio inch of this met- 
al may be beaten out till it oovers 282,000 sqaare inches, which makes the leaf 
^^^7 aaa V o o ^^ '^ ^^^^ thick. In other words, it would take 282,000 strips 
of such gold leaf, lying on each other, to make the thickness of an inch. 

49. DucnLiTY. — ^Ductility is that property which ren- 
ders a body capable of being drawn out into wire. 

Tlie malleable metals are for the most part ductile, but 
not always in the same degree. Thus gold exceeds all the 
other metals in ductility as well as in malleability ; but tin, 
which can readily be beaten into very thin sheets, can not 
be drawn out into small wire. 

Gk>ld wire has been made so attenuated that fifty miles of it would weigh 
but an ounce. Platinum, which is nearly as ductile as gold, has been drawn 
into wire only ^^^^j^ of an inch in diameter and invisible to the naked eye. 
Glass, when softened by fire, becomes exceedingly ductile, and may be spun 
out into flexible and elastic threads scarcely larger than the thread of the 
silk-worm. 
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CHAPTER III. 

M E O HA N I O S. 

60. Mechanics is that branch of Natural Philosophy 
which treats offerees and their application in machines. 

51. Force and Resistance. — ^When we see a body be- 
gin to move, cease to move, or change its motion, since it 
can do neither of itself; we know that it has been acted on 
by some external agency, which we call a Force. The 
elasticity of a bow which sends an arrow through the air, 
is a force ; the wind, ^hich changes its direction, is a force ; 
the attraction of gravitation, which brings it to the earth 
and helps to stop its motion, is a force. 

oxamples. To what does malleability chiefly belong? Show the extreme malleabil, 
Ity of gold. 49. What is Ductility ? What substances are for the most part ductile ? 
What is the most ductile substance known ? What facts are stated, illustrating tho 
ductility of gold, platinum, and glass? 

50. What Is Mechanics? 51. What is a Force ? Give illustrations. Whatisth*? 
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That which oppoees a force is called the Besistanoe, 
Li the nbove example, the inertia of the arrow is the re- 
eistance. 

Forces may act on bodies so as to produce either Mo- 
tion or Rest. 

motion. 

52. Motion is a change of place. 

63. Motion is either Absolute or Kelative. 

Absolute Motion is a change of place with reference to 
a fixed point. Itelative Motion b a change of place with 
reference to a point that ia itseli' moving, 

Ttio balls ire rolled an Uic Boor. The motionof each, as regards the poiat 
from whloh it was Ihruivn, is alwululo ; their niotiuti witli rcfereDOe to ewh 

64. Rrar. — Rest is the opposite of molion, and implies 
continiiancG in the same place. 

Like motion. Rest is either Absolute or Relative, 
man sitting on a steamer that is moving forward five feet 
in a second, is at rest relatively to the other objects on i 
board- To be at rest absolutely, he must walk five feet 
every second towards the stern of the boat, 

Btriclly Bpeoking. thEro is no such thing aa absolute rest m snj of the ob- 
jects that surround us; for (ho earth moves round tbe sun at the rate of 
about B6,'>00 Ibct In a second, and carriea with it erorf thing on its Borface. 
Hills, trees, and bouses, IheroTara. though ttiey occupy the sojnp place with 
I respect to each other, are really truTelling Uirongh space with immense ra- 
piilily. Tet as this is tbe case wHh oureelrea, with tbo atmosphere, and all 
things about ua. ire regard an object as absolutely at rest if it has uo utiier 

65. Velocttt. — The Velocity of a body ia the rate at 
which it moves. 

e is determined by the space it passes over in a 
given time. The greater the space, the greater the velo- 
city. Thus, if A walks two miles an hour, and B four, Ba 
velocity is twice as great as A's. 

onffii™sonboaiosp™dup..r Ba WhiUli Mutfonf 
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56. The relation between the space passed over^ the 
tune employed, and the velocity, is such, that when two 
are given, we can find the third. 

Jitde 1. — ^To find the velocity of a body, divide the 
space passed over by the time. 

ExampU. A locomotiTe goes 120 miles in 4 hoars ; what is its velodtjf 
— Dividing 120 by 4, we get 30 ; antwerj 80 miles an hour. 

Rule 2. — ^To find the time, divide the space by the ve- 
locity. 

Example. A looomotiTe goes 120 mUes at the rate of 80 miles an hoar; 
how long is it on the way ? — Dividing 120 bj 80, we get 4 ; answer, 4 hours. 

Rule 3. — ^To find the space, multiply the velocity by 
the time. 

Example. A locomotive goes 4 hours at the rate of 80 miles an hour ; how 
far does it travel ? — Multiplying 80 by 4, we get 120 ; anewer, 120 miles. 

67. Table of Velocities. — ^It may not be uninteresting 
to compare the average velocities of the following moving 
objects : — 



Miles per hoar. 

A man walking 8 

A horse trotting 7 

A slow river 8 

A rapid river 7 

A fast sailing vessel 10 

A fast steamboat 18 

A railroad train 25 

A moderate wind 7 

A storm 50 



Miles per hoar. 

A hurricane 80 

Sound 764 

A musket-bally when first 

discharged 850 

A rifle-ball 1,000 

A 24-lb. cannon-ball 1,600 

Earth in its orbit 65,534 

Light 666,000,000 

Electricity (§772) 1,086,800,000 



58. Kinds op Motion. — ^There are three kinds of mo- 
tion ; Uniform, Accelerated, and Retarded. 

59. Uniform Motion is that of a body .which moves over 
equal spaces in equal times. 

Uniform motion would be produced by a force acting once and then 

Volocltyf How is it determined? 66. What is said of the relation between 
tho fipACo, the time, and the velocity ? Give the role for the velocity, and 
oxnrnph*. Give the rule for the time, and example. Give the mle for the space, 
anil oxntnplo. 67. What is the velocity of a slow river? A rapid river? Amod- 
oratowlnd? Ahurrloano? Sound? Light? Tho electric fluid? A rifle-ball? Tho 
varth In its orbit? 68. Nome the three kinds of motion. 68. What is Uniform Mo- 
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ceasing to act, if the moving bodj were free from all other influences, for 
its inertia would keep it moving at the same rate. Gravity and the re- 
sistance of the air, however, constantly retard a moving body ; and, there- 
fore, to keep up a uniform motion, a force just sufficient to nullify these re- 
tarding agencies must continue acting There are very few cases of uniform 
motion either in nature or art 

60. Accelerated Motion is that of a body whose velo- 
city keeps increasing as it moves. It is produced by the 
continued action of a force. 

A ball dropped from a height is a familiar instance of accelerated motion. 
The moment it is let go, the attraction of gravitation causes it to descend. 
Were this force and every other then suspended, the ball would fall to the 
earth with a uniform motion ; but gravity, continuing to act, forces it along 
faster and faster, and thus imparts to it an accelerated motion. 

A body is said to have a Uniformly Accelerated Mo- 
tion, when its velocity keeps increasing at the same rate ; 
when, for instance, it moves two feet in the first second, 
four in the next, eight in* the third, &c. 

61. Retarded Motion is that of a body whose velocity 
keeps diminishing as it moves. It is produced by the con- 
tinued action of some resistance on a moving body. 

A ball rolled over the ground, under the continued action of gravity and 
the resistance of the air, moves more and more slowly, till finally it com«s to 
rest This is an example of retarded motion. 

A body is said to have a Uniformly Retarded Motion, 
when its velocity keeps diminishing at the same rate; 
when, for instance, it moves eight feet in the first second, 
four in the next, and two in the third. 

Momentiiiii. 

62. The Momentum (plural, momenta) of a body is its 
quantity of motion. 

A ten-pound ball, moving at the rate of 400 feet in a second, may be sup- 
posed to be divided into ten pieces, each weighing one pound. Each piece 
has a motion of 400 feet in a second; and the quantity of motion, or momen- 

tionf Theoretically, how is nniform motion prodaced? Practically, how is it pro- 
duced ? 60. What is Accelerated Motion ? How is it prodaced ? Give an example 
of accelerated motion. When is a body said to have a Uniformly Accelerated Motion t 
61. What is Betarded Motion ? How is it prodaced f Give an example. When is a 
body said to have a Uniformly Betarded Motion ? 62L What is Momentam ? Give 
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turn, of all ten, that is, of the whole ball, will be ten times 400, or 4,000. 
Hence the following rule : — 

63. Hule, — To find the momentam of a moving body, 
multiply its velocity by its weight. 

Example. What is the momentam of a ten-pound ball, moving at the rate 
of 400 feet in a second ?— Multiplying 400 by 10, we get 4,000 ; answer, 4,000. 

64. When the momenta of different objects are to be compared, their weight 
and velocity must be expressed in units of the same denomination : if the 
weight of one is given in pounds, that of the other must be in pounds; if the 
velocity of one is so many feet per second, that of the other must be expressed 
in feet per second. If different denominations are given, reduce them to the 
same denomination. 

Thus: A weighs 50 pounds, and has a velocity of 7,200 miles an hour; B 
weighs 100 pounds, and has a velocity of 4 miles a second. Which has the 
greater momentum ? 

8,600 seconds make an hour ; and if A's velocity is 7,200 miles an hourj in 
a second it will be ^ifV? ^^ 7,200 miles, or 2 miles. 

A's weight 50 multiplied by A's veloci^ 2 gives A's momentum 100. 
B's weight 100 multiplied by B's velocity 4 gives B's momentum 400. 
Therefore B's momentum is 4 times as great as A's. 

65. Two bodies of the same weight have momenta proportioned to their 
velocities. Thus, if two balls weighing 5 pounds each, move respectively at 
the rate of 20 and 10 miles an hour, then their momenta will be in the pro- 
portion of 20 to 10, or two to one. 

Two bodies moving with the same velocity, have momenta proportioned 
to their weight. Thus, if two balls moving at the rate of 5 miles an hour, 
weigh 20 and 10 pounds respectively, then their momenta will be in the pro- 
portion of 20 to 10, or two to one. 

66. Since momentum depends on velocity as well as weight, it is obvious 
that, by increasing its velocity sufficiently, a small body may be made to 
have a greater momentum than a large one. Thus, a bullet fired from a gun 
has a greater momentum than a stone many times larger thrown from the 
hand. 

On the same principle, a very heavy body, though its motion may be 
hardly perceptible, may have an immense momentum. This is the case 
with icebergs, rendering them fatal to objects with which they come in col- 
lision. 



an example. 68. Bepeat the rule for finding a body's momentum- Give an example. 
64. When the momenta of different objects are to be compared, what is essential ? 
Give an example. 65. When two bodies have the same weight, to what are their 
momenta proportioned ? Give an example. When two bodies have the same velo- 
city, to what are their momenta proportioned ? Give an example. 66. How may a 
greater momentum be given to a small body than a large one ? Illastrate this. How 
do you account for the great momenta of icebergs, notwithstanding their slow mo- 
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Striking Force. 

67. The Striking or Living Force of a moving body is 
the force with which it strikes a resisting aubatance. 

Striking Force is aometimes confounded with momea- 
tum, but improperly, iaasmuoh as it is the product of tha 
weight into the square of ike velocity. Two moving bodies 
may have the same momentum, but differ greatly in their 
striking force. 

Thus, Ibe ball A, weighing SOO ponads knit moring 2 miles a iniimte, has 
m iDotiientiim of 200 multipUad bf H, or lOO. The ball B, weighing S^ paunda 
and moving BO milea a minute, eJso has B momentam of 400 (30 muItiplLed 
by SO). How do Oiej compare in striking tbrcef That oTA is equal to its 
weight ZOO mnltipliedbf the Bqnsre of iU rciocitr, 1,— or 800. That of B is 
equal to its weight 20 miiltipiied by the aqnare of lis velocity 400,— or 3,000. 
Therefore, thoagh the momenta of the two balls art equal, the strikiDg forco 
of B is 10 times as great aa that uf A) if both wore flrod into a bauk of moist 
clay, B would penetrate ten times aa far aa A. 

68. As the velocity of a body increases, its striking 
force increitees also, but in a higher degree. 

If, (or laatanee, a tnua of cars be moTing 50 mites an hour, and another 
train gf tha same weight 10 miles an hour, the striking force of the former 
will not be to that of the lattor as GO to 10, but as the square of SO is tn the 
aqnare of 10, or as iSOO is to 100. The former train would therefore do 2H 
times as much diimagc as the latter to any object with which it came in col- 
lision, or to itself ia case of being Ihrowu from tbc track. This result is borne i 
ont by facts. 

69. Jtule. — ^To find the striking force of a moving body, 
multiply its weight into the square of its velocity. 

If the striking force of one body is to bo compared 
with that of another, see that their weight and velocity are 
in units of the same denomination. 

Example. The stone A, weigbing 1 jiound, is thrown at the rale of SO ft. 
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a second. The stone B, weighing 8 poandsi is thrown at the rate of 2,400 ft. 
a minute. Which will penetrate further into a snow-bank ? 

20 times 20 is 400 = square of A's velocity. 

400 X 1 (A's weight) = 400, A's striking force. 

Reduce B's Telocitj to the same denomination as A's. If B move 2,400 
feet in a minute, in a second it will move ^ of 2,400 feet, or 40 feet. 

40 times 40 is 1,600 = square of B's Telocitj. 

1,600 X 8 (B*s weight) = 4,800, B*8 striking force. 

Ans. — A's striking force being 400, and B*s 4,800, B will penetrate into 
the snow-bank 12 times as far as A. 



EXAMPLES FOB PRACmCE. 

1. {See Rule 1, § 56.) A fox-hound will run 80 miles in three hours. What 

is its velocity ? 

2. At the battle of Brandywine, Gen. Greene's detachment marched 4 miles 

in 42 minutes, to relieve Gen. Sullivan. With what velocity did they 
move? 
8. At the most flourishing period of its history, ancient Athens was 25 miles 
in circumference. With what velocity would an Athenian have had to 
move, in order to walk round the city in 5 hours ? 

4. A pigeon will fly 100 miles in 2 hours. What is its velocity ? 

5. P walks 2 miles in 80 minutes ; Q walks 4 miles in 2 hours. Which has 

the greater velocity ? 

Remark. — When different denominoHona are used, they muft be reduced to 
the same denomination, as shown in § 64. 

6. The current of a rapid river runs 1,200 feet in 2 minutes ; a horse at a mod- 

erate trot passes over 80 feet in r> seconds. Which moves with the 
greater velocity ? 

7. (See Bule 2, § 56.) Strabo tells us that ancient ](9^ineveh was 47 miles in 

circumference ; in what time could a person have walked around it, at 
the rate of 10 miles a day ? 

8. The bombardment of Ostend, on the coast of Holland, was heard in Lon- 

don, a distance of 70 miles. There are 5,280 feet in a mile, and sound 
travels at the rate of 1,120 feet in a second. How many seconda after a 

camion was fired at Ostend, was the report heard in London I — Ana, 880. 
». From the base of the Pyramid of Cheops to its top is 704 feet ; how long 

will it take a person to ascend it, walking at the rate of 4 feet per second ? 

10. A rifle-ball moves at the rate of 1,000 miles an hour. If it could main- 
tain the same speed, how long would it be in crossing the Atlantic 
Ocean, which is 8,000 miles broad ? 

11. Light moves 185,000 miles in a second ; electricity, on a copper wire, 
288,000 miles in the same time. How long before we could see a flash 
of lightning in a cloud 2 miles off, and how long before the lightning, 
conducted by a copper wire, would strike an object by our side? 

12. In the year 1804, the French philosopher Gay Lnssac ascended in a bal- 
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loon to the height of 4Va miles. He came down at the rate of 660 feet in 
a minute ; how long was he in making the descent ? 
18. {See Rule 8, § 56.) Some of the Alpine glaciers moTe 25 feet annually. 
How far would they move in 4 years ? 

14. The comet observed by Newton in 1680 moved 880,000 miles an hour. 
How far at this rate would it move in a day ? 

15. Which will pass over the greater space — a hurricane, moving at the rata 
of 80 miles an hour in 4 hours, or a locomotive, going 80 miles an hour, 
in 10 hours? 

1>. If the earth moves in its orbit 65,634 miles an hour, and is 865 days, 6 
hours, in completing its revolution, how long is its orbit? 

17. If a ray of light travels 666,000,000 miles in an hour, how far will it go 
in a day? 

18. {See Bulea, §§ 63, 69.) A 24-pound cannon-ball ttioves at the rate of 1,000 
miles an hour. A battering-ram weighing 10,000 pounds moves at the 
rate of 10 miles an hour. How do their momenta compare ? — Aru. As 
24 to ^00 ; thai is, the cannon-hall has a Utile less than one-fourth of the 
momenium of the habtering-ram. 

How does th»striking force of the above cannon-ball compare with that 
of the battering-ram ; that is, what would be their comparative efifect on 
the wall of a fortress ? — Ans, Thai of the ball would be 24 Umes as great 
as thai of the battering-ram. 

19. An iceberg weighing 50,000 tons moves at the rate of 2 miles an hour. 
An avalanche of 10,000 tons of snow descends with a velocity of 10 miles 
an hour. How do their momenta compare? 

How do they compare in striking force ? 

20. How does the momentum of a 32-pound ball with a velocity of 2,000 miles 
an hour, compare with that of a 16-pound ball with a velocity of 1,000 
miles an hour? 

Which would penetrate further into a bank of moist clay ? 

21. A locomotive weighing 20 tons moves with a velocity of 40 feet a second. 
Another locomotive weighing 25 tons moves at the rate of 4,800 feet in a 
minute. How do their velocities compare ? 

How do they compare in momentum ? 

If the one with the less striking force penetrate 10 feet into a snow- 
bank, how far will the other penetrate ? 

22. A stone weighing 15 ounces is thrown fix)m the hand with a velocity of 
1,320 feet in a minute. A rifle-ball weighing 3 ounces is discharged at 
the rate of 15 miles a minute. How do their velocities compare ? 

How do they compare in momentum ? 

How many times greater is the striking force of the rifle-ball than thai 
of the stone? 

2* 
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CHAPTER IV. 

MECHANICS (CONTINUED). 

LAWS OF MOTION. 

* 

Mathematical I>efiiiitioiis. 

10, Before treating of the laws of motion, it is neces- 
sary to define the mathematical terms used in connection 
with them. 



Fig. 14. 



Fig. IS. 



-B 
- D 



Fig. 18. 1. A Bight or Straight Line is one that has the same 

direction throughout its whole extent ; as, A B. 

2. Parallel Lines are those which have the same direc- 
tion; as, CD, EF. 

8. A Curve Line, or Curve, is one that changes its di- 
rection at every point; as, G H. 

4. A Circle is a figure bounded by a curve, every point 
of which is equally distant from a point within, called the 
Centre. Fig. 16 represents a circle, and E its centre. 

5. The Circumference of a circle is the curve that 
bounds it; as, ACFBD. 

6. Any part of the circumference is called an 
Arc ; as, A C, C F. 

7. A Diameter of a circle is a straight line drawn 
through the centre, terminating at both ends in the 
circumference ; as, A B. Every circle has an infinite 
number of diameters, all equal to each other. 

8. A Radius (plural, radii) of a circle is a straight line drawn from the 
centre to the circumference; as, ED, EC, EF, E A, EB. Every circle has 
an infinite number of radii, all equal to each other. The radius of a curcle is 
Just half its diameter. 

9. A Tangent of a circle is a straight line that touches the circumference 




70. What is a Bight Line ? What are Parallel Lines f What is a Curve Line 7 
What is a Circle? What is the Circamferenoe <tf a cirde ? What is an Arc? What 
1b a Diameter of a circle ? How many diameters has every circle ? What is a Badias ? 
How many radii has every circle ? How does the radius of a drde compare with its 
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In ft ^gle point, without cultiog it at aiher end when pro- 
duced-, Bs, AB. CD. 

10. The cirouoifereooe of eveiy circla is divided into 3iiO 
equal parts, called Degraes. One fourth of Ibc circumfci'- 
eute oootitina eo dogroea, and is called a. (juodroat. 

11. Ad Angle is tbe diS'erenoe iu directiuu of two Blmigbt 
Unas that meet or croas each other. 

IS, Tho Vertex (plural, veriiiM} of ui aug 
meet j as, D iu Fig. IB. 

An angle ia nuned from the letter at its Tertox, if but 
oae angle is formed there. Otherwise, it ia aami-d from 
tlie letters oa eaoh aide and at the reriex, that at the vertex 
being placed m Iha middle. Thuii the angle in Fig. 13 is 
called D-, if niore than one augla were (bcmed there, it 
would be distinguiabed bs C D B or B D C. 

The aise of an angle doea not depend on the length of its 
ply on tlieir difference of direction. We may extend the lines DC, DB, a 
far aa no chouse, without mukiog the angle D any larger. 

IS. Wben a alnugbt line maeta another atr^gfat line in But' 
make the two adjacent angles equal, that ia, so aa to incline n 
aide than the other, it is said to be Perpendicular 
(o the latter; and the angle which it makes on either 
side is DiOled a Right Angle. Thus, FEB and F E A 
(being equal) are Bight Angles, and the line F E is 
Peqiendiculnr to the line A B. 

A right angle, it niil be sees, ia measured by 
one ftmrtb of tbe circumferenco of a circle, or 90 de- 

14^ An ObtuBO Anglo is onetiint is greatei; thaa a 
riglitang]e; as, FED in Fig. 19. 

IS. An AcutcAngleis one thdl is less than arigbt angle; 
aa, F E C in Fig. 1». 

IS. A Triangle ia a figure bounded by three straight 
Unea ] as, A B C, Fig. 20. 

17. A Quadrihileral is a figure bounded bf four straight . 
lines; as, A B C D, Fig. 21. 

13. A Diagonal of a qusdrilatDral is a straight line 
which joins Iho vertices of (wo opposite angle 
AC,DB. inFig. 21. 

19. A Parallelogram is a quadrilateral whose oppi 
lite aidM m pamllel 1 as, ABC D, Fig. St. 
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lua^riqt t Wliat ka vt Angle 7 Whut Id tka VerLeE of oa im- 
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Fig. S3. 



20. A Rectangle is a qaadrilateral whose angles are 
all right angles ; as, £ F G U, Fig. 22. 

21. A Square is a rectangle whose aides are equal ; 
as, UK L, Fig. 23. 

22. A Sphere is a solid bounded bj a curved surface, 




I J 

D 

all the points of which are equally distant firom a point within called l k 
the centre; as, ABGD, Fig. 24. 

23. The Axis of a sphere is a straight Una 
passing through its centre and terminating in ita 
surface, round which it revolves ; as, the straight 
line connecting A and B, in Fig. 24. 

24. The Poles of a sphere are the extremitiet 
of its axis ; as, the points A, B, in Fig. 24. 

25. The Equator of a sphere is a great dnde 
which we imagine to be drawn round it on its 
surface, midwaj between the poles ; as, the cir- 
cle C D, in Fig. 24. 

26. An Oblate Spheroid is a figure which dif- 
fers from a sphere onlj in being flattened at its 
poles, like an orange. * 

27. A Prolate Spheroid is a figure which difiers from a sphere only in be- 
ing lengthened out at its poles, like a lemon. 

28. A Cylinder is a circular body of uniform diameter, the ends of which 
form equal and parallel circles. A lead-pencil, before it is sharpened, is a 
cylinder ; a stove-pipe is a hollow cylinder. 

71. By investigating the principles of motion, Newton 
arrived at three great laws, which have ever since been 
received. 

Fir§t liaur of Motion. 

12, A body at rest remains at rest^ a body in motion 
moves in a straight line with uniform velocity^ unless acted 
on by some external force. 

This law follows from inertia. No body has power of itself to move, to 
cease moving, or to change its direction or velocity. 

73. The air is a powerful agent in stopping motion. This is shown by 
causing a wheel to revolve on a pivot, first in the air, and then under a glass 



gl«? What is a Triangle ? What is a Qaadrilateral ? What is a Diagonal of a quad- 
rilateral? What is a Parallelogram? What is a Bectangle? What Is a Square? 
What is a Sphere ? What is the Axis of a sphere ? What are the Poles of a sphere ? 
What is the Equator of a sphere ? What is an Oblate Spheroid ? What is a Prolate 
Bpheroid? What is a Cylinder? 71. How many laws of motion did Newton arrive 
at? 72. What is the First Law of Motion? From what does this law follow? 
78. How may it be shown that the air ia a i>oweiftd agent in stopping motion? 
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IB nearly a day iu 



ncdTer from whioh the air bua bwn rcmoTedw 
mer c»3e, Ihe wheel soon cooaes lo move ; ia Ou 
fur ■ [ong time. A peudulum (aeo i UU) Will ri 
hnoBlcd receiver. 

74. FrictiOD ia (b* reaiEtaace with which > bud; meela Crom ths aurnieo 
on which it movea. The raugher the s-urf&ces brought la cootact, Ihe groat- 
er Die friction, and the soniiec the mov lag bad/ will coidd to reat. A ball 
rolled orer a fltonj road is Aoaa atoppi>il hy the obaUuiiea it encounters ; on a 
leret paTemeot it goes much further, and fartlier atill on a Binuotb eheot oT 
ice. This is because the frictioa becomoa leas ia propuctioa oa the surface 
on which the ball rolls becomes smoother. 

76. According to this law, every body left free to obey 
the force that set it in motion will move in a straight line. 
We observe few such motions in nature. The planets in 
tJieir orbits, rivers in their channels, rolling waves, and as- 
cending Binofee, all move in carves, in consequence of tbeir 
being acted on by other fAcea, besides those that set them 
in motion. The tendency o'f the moving body, however, 
ia always to continue in a, straight line, even when from | 
overrulitig causes it moves in a circle. 

Attach a boll, for inalancc, to a eord; and, 
bateuiiig tbo end of the Cord at a poiDi, 0. give 
a quick impulse to the ball. It will be fouud In 
move in a circle, A B C D, bccauae the cord keeps 
it nitbin a oertsin distance of tba centre. Were 
it DOt for Ibia, It would more in a, straight line. 
Thua, let the card be cut when the hall is at A, 
and it will be found to move to E ia a taugent to 
(be circle ABOD. Id like nuumer, at B it wiU 
flj olT in a tangent to F, and so at C, D, or anj 
Other point. 

76, The Cbstripitgai. Force. — ^Tho force which tcndl 
to make a body fly from the centre ronnd which it revolvea^ 
is called the Cen-trif-u-gal Force. 

The opposite force, which draws a body towards th^^ 
centre round which it revolves, is called the Cen-trip'-e-tala 
Force. 

Magnificent examples of these two forces are exhibited 

74. Wbut iaFrlotlunf On vhat kind ot tnrbcei dDr»iti>> 
IDMt ftliMlon r EiouipDiy tlili. IE, WhU Ib uldoTHiait 
Inni) OIvo enme InBtucH. Whatia the undcncforthe 
Uda with * bsll and curd. 10. Whnt la the CantrltoEtl Fori 
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by the planets revolving round the sun in space. At each 
successive point of their orbits, in obedience to the Cen- 
trifugal Force, they tend to fly off in tangents, disturbing 
the harmony of the universe and carrying desolation in 
their path. They are constantly restrained, however, by a 
Centripetal Force equally powerful, the sun's attraction* 
and the result is that they revolve in curves. 



Fig. 28. 



77. Familiar Examples. — ^Whirl a wet mop rapidly roand, 
and drops of water, propelled by this force, will fly off from 
it in straight lines. 

Suspend a glass vessel containing some colored water, by 
a cord passed round the rim, as shown in Fig. 26. Turn the 
Tessel round till the cords become tightly twisted, and then 
suddenly let it go. It will rapidly revolye, and the centrifb- 
gal force will give the water an impulse away from the centre. 
As it can not escape, it will spread up the sides. Should there 
be water enough, it will rise above the top of the vessel, and 
fly off in straight lines. 

We take advantage of the centrifugal force in dischai^ng 
a stone from a sling. The stone is whirled quickly^und the 
hand as a centre, which it is prevented from leaving by two 
strings connected with the strap on which it rests. The in. 
stant one of the strings is let go, the centrifugal force carries 
off the stone in a tangent to the circle it was describing. Its 
direction varies according to the point at which the string is let go, as will 
appear from Fig. 27. Great velocity may be communicated to the stone with 

this simple apparatus. In the hands of the Per- 
sians, the Bhodians, and other ancient nations, 
the sling was a formidable weapon. 

When a wagon turns a comer rapidly, it is 
liable to be upset in consequence of the centrif- 
ugal force. A person sitting in it feels his body 
sway outward, and one who is on his feet has 
to grasp the wagon to avoid being thrown from 
his place. To counteract the effects of the een- 
trifugal force in curves on railroads, the outer 
rail is laid higher than the inner one, as repre- 
sented in Fig. 28. Were it not for this precau- 





•tal Force ? What examples of these two forces does nature ftirnlsh tis ? 77. How 
may a mop be made to illustrate the centriftigal force ? How does the apparatus rep- 
resented in Fig. 26 illustrate the Centriftigal Force ? Describe the mode in whidi a 
Btone is discharged from a sling, and explain the principle. What is the effect of the 
centrifugal force, when a wagon tarns a comer rapidly ? How is this effect counter* 




TUB CENTEIPtlQAL FORCE. 

Mod, trafni moring awlftlj touod a cotra 
would often be tlirown IVoni the track. 

es tt iiorae ruuuing rapidly 
B small circle, to iuclius his budj in- 
ward, tbnt be may cuuntomct the centriFu);ai 
force. For the Bams resaon, a ci ecus- rider, 
gain); swiftly routid tbe ring, has Co lean to- 

Jugglers take adiantage or the ceDtrifu- 

eal Torce to BsloDish their audiences wilh a 

■triUng eiperimeut, represented in Fig. S^, 

A It U a wheel with a broad rim, or fellj. A 

wine-glaaa partly aied witb walar ia placed 

on the inner anrface ofthe folly, and the nlieel 

is lima mods It rerolve rapidly raond the 

axle O. If the proper amount of motion be coaunaDicated 

to the wheel, not only will the wioe-giasB keep iti place j, tv 
the felly, but the water ulao will remain in it, not a X/^^^^ 
ip being "gpilled, even when the glasa is at W. Grar- '*// \* 



mplelely 




fty, which, if iha wheel « 
cause both glass and w 
by the oentrifiigal forei 

J8. ZawoftAe GentTxfugal Fvrce. — The 
centrifugal force of a revolving body in- 
creasea according to the square of its velocity. If, there- i 
fore, the earth revolved roUDd the sun twice as fast a^ it 
now doea, its centiifugal force would be 4 times as great ; 
if 3 timet) as fast, S times as great; if 4 times as &st, 16 j 
times as great, &c. 

This explains why a rord with which a stone is whirled round, as 
sling, is mora apt to break under a rapid motion thim a slow one. Every 
time the Teloci^ is doubled, the strain on (he oord ia increased fourfc 

79. £^'ectofthe Gentrifugal Force o?i Heoolviiiff Hod- I 
ies. — The oentrifiigal force acts, not only on bodies moving 
in carves, but also on fixed bodies revolving on their own 
ozea. 

"When large wheels are turned rapidly by machinery, 
the centrifngal force at the circumference becomes an agent 1 



doM Instlnol tvach u bane to coBator«t the rentrlfajiil ] 
glct'a Iriot portofioed Willi the aid of the OHntrllUgil ' 
j ccntrlTiigil fbree T Whenintbe card ofa sUng muM i 

what, bealdeo bodies morhig in anrrea, do«s the oeDtr 
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Fig. 80. 




of tremendous power. Unless sach wheels are made of 
Very strong materials, their cohesion will be overcome by 
the centrifugal force, and they will fly into fragments. Pon- 
derous grindstones sometimes burst, with the most disas- 
trous effects, when too great a velocity is imparted to them. 

Fig. 30 represents a sphere 
revolving on its axis. All parts 
of the surface have to complete 
their revolution in exactly the same 
time ; therefore, as the parts lying 
on the equator CD are further from 
the axis, and have a greater distance 
to go, they must travel &ster than 
the rest. Now we have seen that 
the centrifugal force increases with 
the square of the velocity ; and, therefore, at the equator 
CD it will be stronger than at any other part of the sur- 
face. 

Hence the general law: — On a revolving sphere, the 
centrifugal force is greatest at the equator, and diminishes 
from that point till at the poles it wholly disappears. 

Fig- 81. 80. This difference of intensity in the cen- 

trifugal force at different points is shown when 
a sphere of moist claj is made to revolve rapid- 
ly, as on a potter's wheel. The tendency of par- 
ticles on and near the equator to fly off is so great 
that in those parts the sphere bulges out, becom- 
ing proportionately flattened at the poles. 

A similar result is produced in the apparatus 
represented in Fig. 81. Two thin and flexible 
metal hoops are fixed, at right angles to each 
other, on the axis E F, — fastened at the end F, 
but loose at E, so as to admit of their moving 
freely up and down the rod E F. A rapid rotary 
motion being communicated to the hoops, they will assume an oval form, 
bulging out more and more as their velocity is increased. When allowed 
to ccHCde to rest, they will rise to their original position at E. 




force act? What is sometimes its effect on large wheels moved by machinery ? What 
Is the law of the centrifagal force in the case of revolving spheres ? Explain the rea- 
son of this. 80. What Is the effect of the centrifagal force on a sphere of moist clay 
made to revolve rapidly ? Describe the experiment with thfi apparatus represeatatl 



SECOND LAW OF MOTION. 



61. ThB ceDtrtliigal Ton 



,ing uB just dcBcribad, is Bupncaed to bav» 



posed eeema at one tuno to havu boon soft, and uodor n rapid rolary mnt 
before becomiag solid, it swelled u^ at ibe oquator and beoame deprcBsed at 
Ibe poles. I'ha earth thus became iin oblsle spheraid, the distiuicc ftoiu pol« 
to pole beiDg about 2li)^ milee leea Lhua the equatorial diamuter. 



u orauge sad cutebes it in bia 



Second I>aw of Motion. 

82. A given force always produces the same effect, I 
•mh^her the iody on which it acts is in motion or at '■est; J 
whether it is acted oti by that force alone or by others at 1 
the same time. 

The earth, bs it turns on Its axis, carries all things o 
its surface with great velocity from west to east; yet a I 
force acting oh any object oc the surfece causes it to n 
in the same direction, and with the same rapidity, as if the ( 
earth were at rest. 

Let a Htone be dropped from the mast-bead of a Tcsael, and it will fall at 
the bottom of the msat, whether the vessel moven or j» at ri^t. 

A porsoD aitUng ia it irsgoD throwa up a 
bond, whether the wagon Is moving or auL 

83. SuttPLB Motion, — Mo- 
tion produced by a single force 
is called Simple Motion. 

84. RuauLTANT MonoN, — 
Motion produced by the joint 
action of more than one force 
is called Reaoltant Motion, 

Resultant motion ia illnstratcd with ' 
the apparatus rcpreaeuted ii 
The b^ C ia placed aa a squ 
between two npright wirea, o 
which a ball slides so as to atrike C when it descends. Let the boll A drop, 
and it will dHve C to D ! this i a an example of simple motion. Let tbc ball 
11 drup, and it will drire C to E j this, also, ia simple motion. Let A and B 
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Fig. 83. 




drop at the same instant, and thej will driye C to F; this is resultant 

motion. 

85. We have an example of resultant motion in 
a boat (see Fig. 88) which a person attempts to 
row north across a river, while the tide carries it 
to the cast. Each force produces the same efifect 
as if it acted alone ; and the boatman, when he 
has crossed the river, will find himself neither duo 
north nor due east of the point from which he 
started, but north-east of it. 
If, in addition to the boatman's efforts and the tide, the wind should blow, 

this also will produce its full effect ; and the boat will exhibit a resultant 

motion produced bj the joint action of the three forces. 

86. The Parallelogram op Motion. — ^If Figures 32 
and 33 be examined, it will be seen that a body acted on 
by two forces move's in a diagonal direction, between the 
lines in which they would separately propel it. 

In Fig. 33, the boatman, starting at A, would row his boat to B ; the tide 
in the same time would carry it to D. When both act, to get the direction 
of the boat and the point it would reach, we must draw the other sides of the 
parallelogram, B C, D C ; the diagonal A C will then show the course of the 
boat, and its extremity C the point it would reach. 

87. If the two forces are equal, the body will move in 
the diagonal of a square, that is, directly between the lines 
in which they would carry it. If one is greater than the 



Fig. 84 




Other, the parallelogram must be constructed 

accordingly. 

Let, for instance, the force used bj the boatman be twice 
as great as that of the tide. Then by the time he would reach 
B, the tide would have carried his boat one-half of that dis- 
tance, to D. Completing the parallelogram, as in Fig. 34, and 
drawing the diagonal A C, we find that under the joint action 
of these forces the boat would reach C 



Third liaur of Motion. 

88. Action is the force which one body exerts on an- 
other subjected to its operation. 



85. How may resultant motion be illustrated in the case of a boat? 86. IIow does a 
iKxiy acted on by two forces move ? Uliistrato this with Figure 88. 87. If the two 
forc«s are equal, how will the body move ? If the forces are unequal, how will it 
move? Apply this principle in Fig. 84. 88. What is Action? Whatis Beaction? 



THIED LAW OP MOTION. 43 

^Reaction is the counter-force which the body acted 
upon exerts on the body acting. 

The third Law of Motion is as follows : — Beaction 
is always equal to Action, and opposite to it in direc- 
tion. 

89. Examples of Action and Reaction. — ^We strike an egg against a table ; 
the table reacts on the egg wiUi the same force and in the contrary direction, 
breaking its shell. We push a wagon forward, and feel the reaction in the 
resistance it offers. A bird, when flying, strikes the air downward blows with 
its wings ; the air reacts upward and supports the bird. A rower polls his 
oar against the water ; the water reacts and drives the boat in the opposite 
direction. A boy fires a gun ; the exploding powder carries forward the 
ball, but the air thus struck reacts on the gun and causes it to recoil against 
the boy's shoulder. Two boats of equal wdght, A and B, are connected with 
a rope : a man in A pulls the rope ; action and reaction being equal, not only 
will the boat B move towards him, but the boat A, which he is in, will move 
with the same velocity towards B. 

90. It is reaction' that kills a person who falls from a height on a hard 
pavement. Another, falling the same distance, lights on a feather bed, and 
receives little or no injury ; not because there is Usa reaction, but because the 
reaction is more gradual^ and therefore his body docs not receive so great a 
shock. On the same principle, if a steamboat in making her landing is likely 
to strike violently against the dock, the force of the collision is deadened and 
the boat saved from damage by interposing a coil of rope, or some other sub- 
iitance softer than wood. 

Hence also a bullet, which would penetrate a board, will not go through 
a soft cushion, its motion being gradually and not instantaneously opposed 
by the reaction of the cushion. A person may catch a very heavy stone 
without being hurt, if he allows his hand, the instant he catches it, to be car- 
ried in the direction in which the stone was moving, and thus makes the re- 
action gradual. 

91. Reaction often nullifies action. This was the case 
with the man who tried to raise himself over a fence by 
pulling at the straps of his boots. Tug as he might, he 
found that all the upward impulse he could give himself 
was counterbalanced by an equally strong downward im- 
pulse, and that his utmost efforts could not reverse the law 



What is the Third Law of Motion ? 89. Give aome familiar lllnstratlons of the third 
law of motion. 90. What is the effect of reaction on a person falling trora. a height on 
a hard pavement? What is the effect, if the person falling lights on a feather bed ? 
What causes the difference ? Oive another instance of gradual reaction. How may a 
^rson catch a very heavy stone withoat being hurt? 91. What is often tho effect 




of nature — tiat action 
iind reaction are equal in 
force and opposite in di- 
rection. 

We rCBd of another man no 
leaa iDgeoioua, who rigged a huge 
bellows ia the stern of bis sail- 
boat, that he might alwaja be 
able to make a fair wind. On 
IryiDg the eiperimeni, be fimtid 
that wiib all his blowing he could 
DOC move the boat an inch ; ibr 
the reaction of the air on tbe bel- 
uil tended to moTe her for- 



92. Action AiTDRBAcnoir m Non-elastic and Elastic 
Bodies, — ^Action and reaction are always equal, but they 
are exhibited differently in non-^laatio and elastic bodice. 
Thla difference is shown with suspended balls of soil clay 
and ivory, the latter of which are elastic, while the former 
are the reverse. 

iiftM. ^g- ^* represents two clay or noa- 

^y> elastic balls. A is r^cd and allowed to 
iall. If it met with no resistance, it would 
rise to about the same height on the oppo- 
Hte side. But, encountering B, it imparts 
w ^ to it a portion of its motion, and both move 
on together, as shown in Fig. 37, though only 
half as iar as A would have gone alone. The 
reaction of B is clearly equal to the action of 
A ; for the latter loses just as much motion as 
the former gains. 

If the two balls be of ivory, or any other 
highly elastic substance, A will impart the whole of its mo- 
tion to B, and remain stationary after striking ; while B, as 






utian nnd nactlDn dl 
does Fig. M rapreienc' 



I shown in Fig. 38, will swing to the same 
height that A would have reached if 
sistod, llero again the reaction of B, whioli 
brings A to rest, is evidently eiiual to the 
action of A, whioh eeta B in motion. 

93. Fig, 39 Bfibrds a. rurther illnatrntion of octiun and 
bodies. Five 17017 t>i^'3 »^ snapended by atringa of equ 
fall iu rront of a ^^uatsd arc, with the aid of 
whioh tha distaniH! thej move can bo obaorvcd. 
Let the Srat, A, be drawn out and olloweii to 
rati. It will import all ila motion to the accoiid, 
&nd b<r tbe reaotion of the latter will be brongbt 
la reat. Id like aianaor, tbe second impitrta its 
nwtioQ to the third, and is kept at rest by reuc- 
tioa ; aud so with the third and Ibu fourth. The 
fifth, B, finally receives the molion; and, tlicre 
being in this case no reaction to stop it, il llji.'» 
offto the same height from which A atartvd. | 

94. Rbfleuted Motion. — RcflectetT Motion is the mo- 
tion of a body turned from its conrse by the reaction of 
another body against which it strikes. A hall rebounding 
from a wall agiunst which it has beoa thrown, affords an 
example of Eeflectod Motion. 

If u body possessing little or no clostioitybe thrown agojnst a wall, it will ' 
Tebonnd but a short distUDOO, if Bt all. Wo find tbe nioat striking instaneea 
of refiected motioo in the most elostie bodies. Every hoy knows (hnt on 
india robber ball will hound biglier than one made o( yam, end tbat a yam 
ball wilt bound higher thim one stuffed with cotton. 

05. Wbon a ball is Ibronrn porpcndieuluriy Fig, 4a 

against another body, it rebounds in the same y 

line towards the hsnd &am which it was tbrowD. 
Tbas, in Fig. 40, if a hull be thrown from F against 




the surfsec BC so as to ulrike il perpendiculorly 
at A, it will return in the line AF. If tbroirn 
Ttom D, however, it will gUnce ofil' on (he other . 



endicular, the lioe A E 



if it were foithorfrom the porpeodici 

balls. WbatdooS'tK. aSToprWMitl flU. I 
d ti'II how It openvU). U, What Ii 
I What bedlea «biblt naedted nwitlDn m<«l 
ulloBkrI/ agolnst anolliBr body. Irnw ■ 
an suglowltli (liii^r|ieodlealv, liu' 



J, A E would bo fiirtuor i 
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96. The angle D A F in Fig. 40, made by the body in 
its forward course with the perpendicular at the point of 
contact, is called the Angle of Incidence. 

The angle EAF, made by the body in-i^ backward 
course with the same perpendicular, is called the Angle of 
Reflection. 

The great law of reflected motion is as follows : — The 
Angle of Bejlection is always eqital to the Angle of Inci- 
dence. 



—^ 



CHAPTER Y. 

MECHANICS (CONTINUED). 

GRAVITY. 

97. Terrestrial Gravity. — ^When a stone is let go, we 
all know that it does not fly up in the air or move sideways, 
but falls to the ground. This is owing, as already men- 
tioned, to a universal property of matter. The stone and 
the earth mutually attract each other ; but the earth, being 
vastly superior in size, draws the stone to itself or in other 
words, causes it to fall. 

The tendency of bodies, when unsupported, to approach 
the earth's surfece, is called Terrestrial Gravity, or simply 
Gravity. 

98. Gravitation. — ^Attraction is universal. It is not 
confined to things on and about the earth's surface, but 
extends throughout space, millions of miles, and is in fact 
the great agent by which the heavenly bodies are kept 
moving in their respective spheres. The earth as certain- 
ly attracts the planet Uranus, at the vast distance of 
1,845,000,000 miles, as it does the falling stone. 

Figure 40. 96. What Is the Angle of Incidence ? , What is the Angle of Beflection ? 
What is the great law of reflected motion ? 

97. When a stone is let go, what does it do? To what is this owing? What U 
meant by Terrestrial Gravity ? 98. What is Gravitation ?^ How far does gravitation 
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The attraction subsisting between the heavenly bodies 
is called Gravitation. 

To Sir Isaac Newton the world owes the great discovery of the law of 
Universal Gravitation. Galileo had investigated the subject of terrestrial 
gravity (a. d. 1590), but he did not imagine that any simUar force existed 
beyond the neighborhood of the earth. Kepler advanced a step nearer the 
truth, and spoke of gravitation as acting from planet to planet; still he did 
i]ot conceive of its having any efifect on the planetary motions. This discov- 
ery, one of the most important that modern science has achieved, was re- 
served for the mighly genius of Newton. Sitting in his orchard one day 
(a. d. 1666), he observed an apple fall from a bough. This simple circum- 
stance awakened a train of thought. Gravity, he knew, was not confined to 
the immediate surface of the earth. It extended to the greatest heights with 
which man was acquainted ; why might it not reach out into space? Why 
not affect the moon ? Why not actually cause her to revolve around the 
earth? To test these speculations, Newton at once undniook a series of la- 
borious calculations, which proved that the attraction of gravitation is uni- 
versal ; that it determines the orbits and velocities of the planets, causes the 
inequalities observed in their motions, produces tides, and has given its 
present shape to the earth. 

99. Three facts have been established reqieeting gravi- 
tation : — 

1. Gravitation acts instantaneously. Were a new body 
created in space 1,000 miles from the earth, its attraction 
would be felt at the sun just as soon as at the earth, though 
the one would be 91,000,000 miles off, and the other only 
1,000. 

2. Gravitation is not lessened by the interposition of 
any substance. The densest bodies offer no obstacle to its 
free action. Were a body placed on the other side of the 
moon, it would be attracted by the earth just as much as 
if the moon were not between them, 

3. Gravitation is entirely independent of the nature of 
matter. All substan(^ that contain equal amounts of mat- 
ter attract and are SB&»cted by any given body with equal 

extend ? Give an example. By whom was the law of Universal Gravitation discov- 
ered? What advance had been made towards it by Galileo? What, by Kepler? 
Give an account of the circumstances and reasoning that led Newton to this discov- 
ery. What was proved hy his calculations? 99. What is the first feud that has heen 
established respecting gravitation? Give an example. What is the second fact? 
Give an example. What is the third fact ? What evideoM is there of this f 100. What 
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force. The action of the sun is found to be the same on 
all the heavenly bodies. 

100. Direction op Gravity. — If a piece of lead sus- 
pended by a stiing be left free to move, it will point to- 
wards the earth. This is the case in all parts of the globe. 
Now, as the earth is round, it follows that at two opposite 
points of its sur&ce, the plummet, or plumb-line (as this 
Fig. 4L suspended lead is called),will 

point in opposite directions. 
This will be seen from the 
relative positions of A and 
B, C and D, in Fig. 41. The 
lead, therefore, has no ten- 
dency to fall in any particu- 
lar direction as such, but 
takes all directions according 
to the part of the earth's 
surfece which it is near. The 
universal law is, that it must point towards the centre of 
the earth. 

It is not because anj peculiar attractire power resides in the centre that 
a falling body tends towards that point ; but because, in a sphere, this is the 
result of the attraction of all the particles. The particles on one side attract 
the falling body as much as those on the other; and consequently it seeks a 
point between them. 

No two plummets suspended in different places hav^e exactly the same di- 
rection, for the lines in which they hang would meet at the centre of the 
earth. At short distances, however, the difference of direction is so slight as 
to be imperceptible, and the plununets seem to point the same way. 

1. It follows that up and dawn are relative and not absotetevtejfas. 





is t^ to a person in New York, is down to a ship a few mUes 

Ha. If a person in a standing positioa^ •t New York were to bo 

a straight line through the earth to its coitre, and on in the same 

to the opposite side of the earth, he would come out in the Indian 

south-west of Australia, but would find himself on his head instead of 

feet His head, which at New York pointed up, would now point down. 



Is a piece of lead suspended by a string called t How does the plummet always 
point? On what does the absolute position of the plummet depend? Why does a 
felling body tend towards the centre of the earth ? What is said of the difference of 
direction in plommets suspended In diflterent places ? 101. What is said of the terms 
jp and doum t Exemplify this. What is the real meaning of up and down T Why 



/ 



" Sown, therefore, simply ra 



'Laws op GRAvrrr. 
IS towards the c 



re of the earth, Bnd up away 



Tlus explains nbat tbe uDFEBGCting are sumctimca puizled M accouQl; for, 
< — whj persona and tliing^i on the aide of thu earth oppoaitci lii fhem de aoi 
fall off. RegardiDg themaelvaa aa oa the tipper side, llio; oao not see whal 
keeps those on the i/ndtr side from betog precipitated into space. But really 
there is no vnder side. All thiDgs are alike draiTii towards tbe centre ; all 
ore kept oo the earth's snriiMe by the same force of gravity. 

102, Laws fob teeh Fohck of Gkavitt,— The force of 
! gravity (and the term is hero osed in its n-ideat sense, in- 
' eluding gravitation) depends on two things, — 1, Amount 
I of matter; 2. Distance, — according to tlie following laws : 

1. TTie force offfraoity increasea aa the amount of mat- 

ter inoreasea. 

2. Theforee of (p-avity decreases as the s/piare of the 

distance iniyreaees. 
■103. According to the first law, if tbe son contained 

[ twice as much matter aa it now does, it would attract the 
earth with twice its present force ; if it contained three 
times as much matter, with tliree times its present force ; 

k&c. Observe, we sa.Yifit contained ttoUie aa much matter, 
pot if it were twice aa large/ for it might be twice ha 
5)resent size, and yet so rare as to contain leas matter and 

^ attract less strongly than it now does. If there were two 
heavenly bodies, the one of iron and the otlier of cork, the 
latter, though twice as large as the former, would have less 
attraction because it would contain less matter. 

As already remarked, the earth ia bo much larger thaa the bodies near 
its aorfice that it is Dot perceptibly aticcted by their attraction. ETen if a 
ball r>0O feet in diameter were placed in the stiaosphDre EOO feet from Ihi; 
earth's surface, the earth, being £50 million million times greater than tho 
btdl, would draw the li^tsr to itadf, whilo it would tdiance to meet it, leas 
thim one ainety-sii-thoasand-millioDlhof an ineh — a distance so small tlidtiil , 
Oan not be appreciated. ■ "■■ ' 

The ann is 600 timea greater than all ' the plaoeta put together. It is on 
_ weoDnt of.this enorrooDS amount of matter that its attraction is felt hy the 

ft remola bodies of the solarsystemat a distanceofiDanyicitliDns of miles. 



he eartb Ihl 



rartb peraeiitEblxhJTOctedbythaittnut 
IB MunplD. Wliy Is the attrMtlan of the sua » 



great f Wluit vo^li be lb> (Iteet 
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A^ man carried to the surface of the son would be so strouglj attracted bj its 
immense mass that he would be literallj ernshed by his own weight 

104. According to the second law, if the sun were twice 
afi fer from the earth as it now is, it would attract the latter 
with but ^ of its present force ; if three times as &r, with 
^ ; if four times as fiir, with ^V, &c. So, if two equal masses 
were situated respectively 5,000 miles and 10,000 miles from 
the earth's centre, the nearer would be attracted not twice, 
but 4 times, as strongly as the more distant. 

105. All bodies on the earth's surface, however small, 
attract each other with greater or less force according to 
their masses and distance. This attraction, in most cases, 
is absorbed in the fe,r greater attraction of the earth, and 
consequently can not be perceived. In the case of moun- 
tains,* however, it is so strong as to have a sensible effect on 
plummets suspended at their base. Instead of pointing di- 
rectly towards the centre of the earth, a plumb-line in such 
a position is found to incline slightly towards the mountain. 

106. Weight. — When a body is supported or prevented 
from following the impulse of gravity, it presses on that 
which supports it, more or less strongly according to the 
force with which it is attracted. This downward pressure 
is called its Weight. 

Weight is simply the measure of a body's grayity, and is proportioned to 
the amount of matter contained. A ball of iron is heavier than a ball of cork 
of equal size, because it contains more matter. 

Weight being nothing more than the measure of the force with which 
bodies are drawn towards the earth, it follows that, if the earth contained 
twice as much matter as it now does, they would have twice their present 
weight ; if it contained three times as much matter, three times their present 
weight, Ac. 

107. Weight above and below the Earths s Surface, — 
Since the weight of a body is the measure of its gravity, 
and since gravity decreases as the square of the distance 
from the earth's centre increases, it follows that bodies be- 
en a man carried to its surface? 104. Illustrate the seoond law with an example. 

105. Why is not attraction exhibited between small .bodies on the earth's surface? 
IIow is a plunmiet suspended near the base of a mountain affected ? 106. What is 
Weight? To what is weight proportioned? If the earth contained twice as much 
matter as it now does, how would the weight of objects on its surfoce compare with 
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[WElGiri' ABOVE t; 
come lighter in the same proportion aa they are taken up 
from the eartli'9 am^ce. A masd of iron which at the 
earth's sui-fece weighs, a thousand pounds, taken up to a 
height of 4,000 miles, would w«igh only250 of such pounds, 
or one-fourth as much m before. 
Tiie reiaon of thia is clear. Tbe eiu-th Fig. 43, 

being about B,000 miles (lirough, from its 
ceutre to its aurfuco ia 4,000 miles; ouil 
from its CGntre to » point 4,0DU miles 
sbore its surGice, is E,000 miles. 4,000 is 
(o S,000 aa 1 tu 2 ; but the weight at IhB 
Hurfooe wonld not be to Ibo weight 4,000 
miles above the surbco ss 2 to 1, but aa 
the stiaaroa uf IhesD numbers, 4 to 1. 

tHeneo, if it would weigh 1,000 pounds at 
the surface, it would wei^jb only '/, ns 
much, 4,000 mUes above tbe surface. For 
the some reason, it would weigh '/, of 
1,000 pounds at a dlstanca of S,00O miles 
ih>ni the surface; >/,„ at a distauce of 
13,000 miles; i/iu>< <>' ^ distance of 16,000 
miles, te. These results ore exbibiteil 

»ia Kg. 43. 
At smsU elovations, the weight which 
an ohiiect loses amouDla to bnt little. Four 
miles above tbe earlb^s surface, a bodj 
weigbiug 1,000 pouuds would become onlj 
two pounds lighter. Raised to a height 
of 340,000 miles, the dlatanoe of the moou 
from the earth, its weight Would be re- 
duced to less than fire ounces. 

»108. If we could go from the 
surface of the earth to the cen- 
tre, we should find a given object weigh leas and less aa we 
advanced. The moment we descended beneath the sttrihce, 
■we would leave particles of matter behind ns, and the at- 
traction of these would act in a direction exactly opposite 
to gravity. 




11. 


eir present welgMT 107. What U 


M of t 




r badlM taken 


up [Mm the 




rUi'i aUTn»>u 




m 




vf IroD w 


l?b. 4.000 mil 


1 sbove Ibm 






ShiiwlliarffluiQ 


«f 


nia. Wl 




lUBl,™.,rwe 


gM « smril 


« 


VBflODSf 1 


nur milDS ji!™»b 


ion 


dr(i™.h 


w mBeh . 


poldabodyw 


[ghlBg l,m 


fv> 


mAahnat 


WlutwouldboH. 


weight, B40.0M mils* ftomthoosrtl! lOS. Ifws 



52 



MBCIIANICS. 



Thus, in Fig. 43, lei G represent the centre of the earth, and anj object 
beneath the surface. All the particles below the line A B attract O down- 
Fig. 48. Fig. 44 





m 

warfl^mii all above that line attract it upward, and thus diminish its 
waigfat.'J 

At the centre of the earth (see Fig. 44) no object would weigh any thing. 
Th6r8 would be as many particles above the line DE as below it; and 0, be- 
ing equally attracted on all sides, would have no weight 

101). All bodies carried below the earth's surface would, therefore, become 
lighter as they approached the centre. Their weight at any given number 
of miles below the surface may be found as follows : — 

For 1 mile below, take HH of the surface weight 

For 2 miles, take JjfJ of the sur&ce weight 

For 100 miles, take |f^ of the surface weight 

For 1,000 miles, take }^ of the surface weight, Ac, 

FIj. 45. 



8,000 mil«t 
7,000 mile* 
6,000 miles 
6,000 mllet 
4,000 mile* 



V4, 880 p. 

V», 444% p. 

"/a6»«40p. 



l»00<f)iouQdi 



110. Zaw of Weight. — ^From the 
above principles the following law of 
weight is deduced : — AH objects weigh 
the most at the surface of the earth: 
ascending from the surface^ their 
weight diminishes as the square of 
their distance from the centre in- 
creates / descending towards the cen- 
trey their weight diminishes as their 
distance from, the surface increases. 

Fig. 45 shows the operation of 
this law in the case of an object weigh- 
ing 1,000 pounds at the earth's surface. 

could go from tho surfiice of the earth to the centre, what would we find respecting 
the weight of a given body ? What is the reason of this decrease ? Illustrate this 
with Fig. 43. What would all objects weigh at the centre ? Show the reason of this 
with Fig. 44. 100. How may we find the weight of a giyen body one mile below the 




A 



WBiauT IN DUPPEREaiT LAT1TUDE9. 63 

111. WeigM at different Parts of the Mirtft'a Surface. 
—The weiglit of a body differs at different parts of the 
earth's sui-iace. A mass of kad, for uistance, that weighs 

I 1,000 pounds at the poles, will weigh only 91)5 such pounds 
the equator, 

112. This Ja owing to two caascs : — 

1. The equatorial diameter is about 2flJ miles longer 
than the polar diameter ; and therefore an object at the 
equator is farther from the centre and leas strongly at- 

■ traeted than at any other point. 

2. The centrifugal force, as shown in § '?9, ia greatest 
I at the equator, and therefore coanterbalances more of the 
I downward attraction there than at any other part of the 

Burface, making the weight less. It has been (xj;]^uted, 
that, if the earth revolved 17 times as fast as it now does, 
the centriftigal force at the equator would count erWAjice 

h gravity entirely, and thus deprive all bodies of weight. If 

[ the earth's velocity were further increased, all things at the 

I equator would be thrown off into space. 
13, The general effect of gravityis 

[ to draw bodies towards the earth ; but 

I sometimes it causes them to rise, A 

I b^oon, for instance, mounts to the 

[ clouda. This is because it contains less ' 

I matter than a mass of air of the sa 

I bulk, or, as wo say briefly, it is lighter 

1 than air. Htuioo the air, acted on mi 

I strongly by gravaty than the balloon, is 

1 drawn towards the earth under the lat- 

I tfirj which is thus caused to rise. 

For the same reason, smoke ascends. 
), if a flask of oil be uncorked at the 

rlh'ssntfteltT^TwoniflMr 4 hnndrod mllco) A thona 
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bottom of a pail of water, the water will be drawn down 
below the oil, and force the latter to the top. 

Falling Bodies. 

114. Velocity op Falling Bodies. — ^If a feather and 
a cent be dropped from a height at the same time, the cent 
will reach the ground some seconds before the feather. 
This ^t Aristotle and his successors explained by teaching 
that the velocity of falling bodies is proportioned to their 
weight ; that a body of two pounds, for instance, would 
reach the ground in just half the time required by a body 
weighing one pound. Galileo was the first to correct this 
error. (^;bout a. d. 1590). He held that the velocity of fall- 
ing bodies is independent of their weight, and that, if no 
other force than gravity acted on them, all objects dropped 
at the same time from the same height would reach the 
ground at the same instant. 

So startling a proposition was at once condemned bj the learned men of 
the day ; but Galileo, convinced of the truth of his position, challenged his 
opponents to a trial. 

The leaning tower of Pisa [pe^-zah], Italy, was chosen as the scene of the 
experiment, and multitudes flocked to witness it. Two balls were produced, 
one of which weighed exactly twice as much as the other, and after being 
examined, to prevent the possibility of deception, at a given signal they were 
dropped. In breathless anxiety the crowd awaited the result, doubting not 
that it would confound the bold youth of six-and-tweniy years, who had dared 
to oppose not only the sages of his own time, but also the established opin- 
ion of centuries and the great master Aristotle himselfl To their amazement, 
the bold youth was right ; the balls reached the earth at the same instant. 
Unable to credit their own senses, again and again they repeated the experi- 
ment, but each time with the same result. This triumph, though it awakened 
the jealousy of his defeated rivals, and cost Galileo his place as professor of 
mathematics in the university of Pisa, established the fact that gravity cames 
all bodies to descend with egtml rapiditi/f without reference to their weigldy and 
that all apparent differences are caused by some other agency. 

115. Resistance op thk^ib. — ^The cause of the differ- 



tions. 114. If a feather and a cent be dropped at the same time, which will reach the 
^onnd first? How did Aristotle explain -this fkct ? What was Galileo's opinion on 
the subject ? How was his theory received by the learned men of the day ? Give an 
account of the trial that was made at Pisa. What &ct was established by the ezperi- 



UESmXANCIE OF TllE AIR. 

' ence of velocity in a fklliug feather and a £illmg cent i» the 
Resistance of the Air. 

Thia reaistance is proportioned to the extent of snrCice 
which the falling body presents to the air. The Bur&ce, 
indeed, may he so extended that gravity can 
hardly overcome the air'a reastance; thus, gold 
may he heaten into a leaf bo thin that it will be 
csceedingly slow in its descent, floating for a time 
in the air. 

llfl. That tlioreaiatancooftheiiirciinBes the difference of ve- 
locity oxhibiled by fhlling bodice, may be proved iDtvo ways: — 

1. A piece or psper, a Bbeet or gold-leaf, or a feather, with its 
burfuce exteoded, flonU slowly downnard ; roll it into A compuct 
moss, and it will dosccoi! rapidly like a Btooe. 

2. RemoTB the air from a high gloss tube (see Kg. «) by 
meaDS of an inslrumeat called the air-pump, lo ho described 
faereener. Then, from im Kppanitua prOTided lor the pnrpoie, 
drop a feather and a eeat aimaltaneoiuly, and tbcy will reach the 

~ bottom at precisely tbe same iostsot. Lot ia the air and drop 
them, and the fcoUcr will he several BecDnds longer than the cent 
in resobing the butlum. 

117, T^e Parachute. — It is the resistance of the 
air that enables a person to descend in safety from « 
a balloon at great heights above the earth's surface. 
parachute, which spreads open like 
pended beneath the balloon. Hav- 
ing taken his position in the bas- 
ket-shaped car hanging beneath, 
the aerial voyager fearlessly de- ' 

I taches himself from the balloon; 
for, though he is home downward 
by gravity, the force of his Cill is 
broken by the resistance which 
he air offers to the extended snr- 

[ face oftheparaehute that he inoura 

Tifnl! Whiitmi3llsrHmlttoOa]|l™? US. Whot 
1 filHng fralhat uid h Ullne unl • To what Is the : 
EIow niity tbe alr'i reBlAlanco olmont bo nudo 
, llfl. PtoYS In two ways lliat Iho 
MOfTCladtyia Mlngbodlm. 117. How 1 
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little danger. To ensure the safety of a common-sized 
man, a parachute must be at least 22 feet across. Fig. 48 
represents a parachute; Fig. 46 shows it attached to a 
balloon. 

118. Law of Falling Bodies. — ^We have found that 
all bodies acted on solely by gravity fall to the earth with 
the same velocity. It is evidently an accelerated velocity ; 
for gravity, which first causes the motion, continues acting. 
In other words, gravity gives a falling body a certain ve- 
locity in the first second of its descent ; still forcing it 
downward, it increases that velocity in the following sec- 
ond ; and so on tiU it reaches the earth. 

To find the exact spaces passed over in successive sec- 
onds, and the velocity at any given point of the descent, 
was formerly exceedingly difficult, on account of the rapid- 
ity with which falling bodies move, and the want of conve- 
niences for experimenting on them. Even the greatest 
perpendicular heights were inadequate to the purpose, as 
a falling body would reach their base in a few seconds. 
These difficulties are now removed by an ingenious appa- 
ratus, called, after its inventor, Atwood's Machine. 

119. AtwoocTs Machine. — Atwood's Machine is represented in Fig. 49. It 
consists of a pillar, G, about six feet high, surmounted bj a horizontal plate, 
JE ; from which to the base of the stand extends a perpendicular graduated 
scale, C L, divided into feet, inches, and tenths of an inch. The plate J K 
supports a vertical wheel, D, the axis of which, that it may revolve as far 
as possible without friction, rests on four other wheels, a, J, c, d (dy being 
behind the rest, is not seen in the figure). A and B are equal weights, con- 
nected by a cord, which passes over the wheel D. F is a pendulum which 
vibrates once in a second ; and I is a dial-plate and index (like the face and 
hand of a clock) for marking seconds. 

B, having exactly the same weight as A, just counterbalances it. Now 
attach to A a small weight equal to one sixty-third of the combined weight 
of A and B. This slight addition causes A to descend ; but as A descends, 
B of course ascends; and as neither A nor B, being counterbalanced 



f^om a balloon at a great height? Describe the process. IIow large must a parachute 
be for a common-sized man ? 118. With what sort of velocity must fUIing bodies de- 
scend? Why so? What made it difficult formerly to ascertain the velocity, Ac, of 
falling bodies ? What apparatus is now employed for this purpose ? 119. Describe 
Atwood's Machine flrom the plate. Show its mode of operation. How does this ma 
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feet, per second. In the second second it descends 3 times 16 Vis feet, or 481/4 
feet, and at iU termination has a velocity of 4 times I6V19 feet, or 64Va feet, 
per second. In the third second, it descends 5 times 16 Vis feet, or SOVia feet, 
and at its termination has a velocity of 6 times 16Vi2» or 96Va feet, per sec- 
ond, Ac. 

Now, as to the whole space passed through in any given time. In 1 sec- 
ond, it will be 16 Vis feet; in 2 seconds, by addition (16Via + 48V4), 64Va feet; 
in 8 seconds, (16Via + ^V* + &OV12) 1447* feet; in 4 seconds, (16Vis + 48V4 
+ 80»/ia+ 112Via) 257 Va, and so on. 

121. These results are summed up in the following rules : — 

Hule 1. — ^To find the space through which a falling body 
passes during any second of its descent, multiply 16 J, feet 
by that one in the series of odd numbers which corresponds 
with the given second. 

Example. How far will a stone fall in the tenth second of its descent? — 
The series of odd numbers is 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, Ac. The tenth 
is 19 ; I6V1S multiplied by 19 gives 305Vi2- — Answer, 805Vis feet. 

Hule 2. — ^To find the velocity of a falling body at the 
termination of any second of its descent, multiply 16yV feet 
by that one in the series of even numbers which corresponds 
with the given second. 

Example, What is the velocity of a stone that has been falling ten sec- 
onds ?— The series of even numbers is 2, 4, 6, 8, 10, 12, 14, 16, 18, 20. The 
tenth is 20; 16 Via multiplied by 20 gives Z21%— Answer, 821 8/3 feet per 
second. 

Hule 3. — ^To find the whole space passed through by a 
falling body, multiply 16^2 feet by the square of the given 
number of seconds. 

Example. How far will a stone fall in 10 seconds ? — Squaring 10 gives 
100; 16 Via multiplied by 100 gives IfOOS^/a.— Answer, 1,608V8 feet. 

122. — ^Bodies THROWN DOWNWARD. — ^These rules apply 
to bodies acted on by gravity alone. If a body is thrown 
downward, the force with which it is thrown must also be 
taken into calculation. 

Thus, if a stone be cast from a height with a force that would propel it 50 

to the results obtained with Atwood's Machine, how far will it fall in successive sec- 
onds, and what will he its velocity at the end of each ? 121. Repeat Rule 1, for find- 
ing the space traversed by a falling body during any second of its descent Apply 
this rule in the given example. Repeat Rule 2, for finding the velocity of a falling 
body. Apply this rule in an example. Repeat Rule 8, for finding the whole distance 
traversed by a fitlling body. Oive on example. 122. To what bodies do these rules 
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ftflt in ■ second, then in the tenth second, inatead of blling SOS'/,i (evt, as in 
tbo example under Sale I. it would full hO feet farlher,— th&t is 35^'/,, feat. 
Ite TalDCit7 U the end of the (onth sacond would likewise be obtained by idd* 
ing 50 feet por aeoond to the velooitj obtained in the example under Rule 2 : 
a21'/a + 50 = S71"/f — To obtain the whole spnoe pa*aed Ihrougb, add to the 
reinlt obtuned b; Hole S, the distance tntieraed in conse^nonce of the Telo- 
city originally imparled. A body thrown downward with aveloraty of 50 feet 
per eecoad, would, without any aid fh>tn graiity, pass through SOO feet in 10 
■econda. Addingtbis to l,<iOS '/a foot, the distance throngfa wliieh gravity 
alone causes a body to fi^ in 10 seconds, wo hare S,10HVi f^t for the whulo 
distance trareracd in that time by a body thrown downward with a Tolooity 
of 50 feet per second. 

123. In the above examples, no allowance is made for 
the res'iBtanee of the atr. Eat even the bodies moat iavor- I 
ably shaped for falling feel the effects of this resistance. 
Experiments in St. Paul's Cathedral, London, show that i 
4^ seconds a body &Ila 272 feet ; whereas, according to the | 
principles stated above, it should &U 326 feet. This dilfcr 
enco, which amounts to nearly one-sixth of the whole dia- ' 
tance, is owing principally to the resistance of the air. 

124. As the velocity of afalling bodyinereaBsa .32J feet 
every second, it does not take long for it to acqiiire a tre- 
mendous speed; and, aa the striking force is proijortioned 
to the weight multiplied into the square of the velocity, , 
it h clear that even a small body, fiilling any conMderable 
distance, may become a very powerful agent. Hence the ' 
disastrons effects of hail-stoncs, which have been known to , 
injure cattle and break through the roofs of honaes, and i 
which prove so destructive to the vineyards in parts c " 
Southern Europe that the fields have to he protected from I 
their visitations. 

125. AscESDisG Bodies, — As a falling bodyii 
in velocity 32^ feet every second of its descent, so an as- 
oon^ng body, being acted on by the same force, loses a 
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like amount, and will at last be brought to rest. The num- 
ber of seconds during which it will oontinue to rise is found 
by dividing the number of feet per second with wluch it 
starts by 3 2 J. 

The height, therefore, which an ascending body reaches, 
depends on the force with which it is projected upward ; 
and, were there no air to resist its progress, it would al- 
ways reach such a height as it would have to fall from in 
order to acquire the velocity with which it started. The 
spaces traversed and the velocities attained during succes- 
sive seconds would be the same in the ascent as in the de- 
scent, only reversed in order. 

Thus, if projected upward with a velocity of 821% feet per second, a ball 
unresisted by the air would continue to rise 10 seconds ; because, to attain a 
velocity of 821% feet from a state of rest, it would have to fall 10 seconds.. 
In tUc tenth second of its ascent, it would pass through the same distance as 
in the first second of its descent, 16 Via feet ; in ihe ninth second of its as- 
cent, the same as in the second of its descent, 48 V4 feet; in the eighth second 
of its ascent, the same as in the third of its desBc^ &c. 

126. According to the principle just stated, ^|ifle-ball, shot vertically up- 
ward, would descend on whatever it struck witik the same force that it had 
when originally discharged. But it does not do so, on account of the resist- 
ance of the air. This resistance prevents the ball from rising as high as it 
otherwise would do by about one-sixth of the whole distance (see § 123), and 
in its descent it again loses nearly one-sixth. The whole loss thus amounts 
to nearly one-third of the velocity, leaving a little over two-thirds remaining. 
Now, to find the proportion betwe^ the striking force of the ball when origi- 
nally projected and its striking force ^n returning to the same point, we must 
square two-thirds. This gives four-ninths ; and thus we find that the ball, on 
returning to the surface, strikes an object with less than half the eflfect which 
it has immediately on being discharged — ^a redult borne out by facts. 

Projectiles. 

127. A Projectile is a body thrown through the air. An 
arrow discharged from a bow, a bullet from a gun, a stone 

from the hand, are all Projectiles. 

»_ . t , 

we find the number of seconds that an ascending body will continue to rise ? Were 
it not for the resistance of the air, how great a height would a body projected upward 
attain ? What is said of the spaces traversed and the velocities attained daring suc- 
cessive seconds ? Exemplify this In the case of a ball thrown upward with a velocity 
of821|feet per second. 126. According to this principle, with what force would a 
ball shot vertically upward descend on an object ? Does it do so ? Explain the rea- 
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Every projectile is acted on by three forces : — 

1. The force by which it was thrown. 

2. -Gravity, which constantly impels it towards the earth. 

3. The resistance of the air, which, tends to bring it to 

rest. 
128. Path of a Pbojectilb. — ^A projectile maybe thrown 
with such force as to be borne some distance in a straight 
line, without having its direction sensibly altered by grav- 
ity or the air's resistance ; as in the case of a cannon-ball. 
When, however, its velocity diminishes, the joint action of 
these forces causes it to move in a line more or less resem- 
bling the curve called the pa-rab'-O'la, The less the pro- 
jectile force, the sooner does the body deviate from a 
straight line to a curve. 

Fig. 50. 




Fig. 60 shows the path of a stone thrown obliquely from the hand. The 
propelling force sends it in a straight line to A, and would take it on in the 
SAme direction to B, were it not that, as soon as its velocitj becomes suffi- 
ciently diminished, gravity and the air*s resistance give it a circular motion 
to G, and finally bring it to the earth at D. 

129. If thrown straight up, a projectile will descend 
in the same line in which it ascended. If discharged hori- 
zontally from a h^ght, it will describe a curve which varies 



Bon why it does not. 127. What is a Projectile? Give examples. Enumerate the 
forces by which every projectile is acted on. 128. When a projectile is discharged 
with great force, what is its direction for a time ? When its velocity diminishes, How 
ioes it move ? What projectiles deviate soonest from a straight line ? niastrate the 
path of a projectile with Fig. 50. 129. If thrown straight up, how does a projectile 
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in form according to the velocity originally imparted. The 
greater t}iis velocity, the greater the distance the projectile 
will pass through ; but, whatever the distance traversed, it 
will always reach the ground in precisely the same time that 
it would take to fall to the earth from the height at which 



it was discharged. 

Fig. 61. 
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TbuSy in Fig. 51, we hare a cannon 
planted on a tower at such a height 
that it would take four seconds for a 
ball to fall from it to the ground. 
Dropped from the cannon's mouth, in 
the first second a ball would reach 
A ; in the next, B : in the third, C ; and 
in the fourth, D. Fired from the can- 
non, and acted on by the projectile 
force alone, it would in one, two, three, 
and four seconds, successivelj reach 
E, F, G, and H. When both forces act, the ball will move in the dotted line, 
reaching at the end of the successiye seconds the points I, J, E, and L. The 
h&W^red from the cannon will touch the ground at L at precisely the same 
instant that the ball dropped from it will strike the ground at D. 

130. The resistance of the ,air, which is but slight when a body moves 
slowly through it, becomes a powerful agent as the velocity of the body in- 
creases. A cannon-ball, fired with a velocity of 2,000 feet in a second, would 
go 24 miles before gravity alone would stop it ; whereas, when opposed by 
the air's resistance, as well as gravity, it goes but 3. 

131. A projectile reaches a greater height and remains 
longer in the air, when thrown straight upward, than when 
thrown in any other direction. 

132. Random. — The Random, or Range, of a projectile 
is the distance in a straight line between the points at which 
it begins and ceases to move. 

When thrown perpendicularly upward, a projectile re- 
turns to the point from which it started, and the random 
is naught. The more its course deviates from the perpen- 
dicular the greater the random becomes, until it is thrown 

descend ? If discharged horizontally from a height, what kind of a line does a pro- 
jectile describe ? What projectiles, so discharged, will traverse the greatest distance ? 
IIow long will it take projectiles discharged horizontally from a height to reach the 
ground? Explain these principles with Fig. 51. 130. In what case does the resist- 
ance of the air become a very powerful agent ? Show this in the case of a cannon 
ball 181. In what direction most a projectile be thrown, to attain the greatest 
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at an angle of somewliat losa tlian 40 degrees, from wliict I 
point it again diminishes. Were it not I'or the resiHttince f 
of the air, a projectile would have the greatest randomi I 
when thrown at an angle of 45 degrees. 

Figure 52 Bhowa tba 
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133. GuNSEKY. — Till laws 1 elating to projectiles fiiiml 
the basis of the science of Gannery The artillcrjTii.iniB 
must know juat at wliat angle to cle\'ite Ins gun and IioW^ 
great an allowance to make ior gravity and the air's 
sistance. 

134, Jlilitary projcctilea are discharged with the aid of 1 
gunpowder. Thia is a solid, which by the apjilication of a I 
spark is instantaneoasly converted into a highly elastic T 
fluid, and in that form expands to many times its previous J 
bulk. Tliia sudden expansion, confined witliin a cannon, f 
finds vent at its mouth, and with auoh force aa to impart I 
great velocity to a ball or other missile. 

Who inTentad ganpowder cau not be «scerlaineil. It was known miiny I 
ccaturivs before the CbriaCiou eru to Uto Cbineae, who need it Tor leTcUiDg-.B 
hills, blasting rocka, aad also, bs tho rcmaiai of nacient pieces or ordnanoe W 
iadicata, for mililtuy puq»)9ea. Olber eastern DBtinns appear to hnre heen ■ 
Bcquunted with iU nee at an euif data. Roger Btieoii, the celebrated Gug- 
lish philosopher. In a work written abnut 1270 A. D., nlluiles to it fia a well 
known composition. Fifty jc&ta later, Berthold Schwartz, a Prussiiin monk, 

hnlglitT 1S9. What [9 tbelijiiidoaiDra projectile r What in the random of ■ pro- . 
Joetllo thrown porponrilcularly upward! At wliat angle mmt a projoctllo tiedii- ; 
churgFd, to Itaro tbu groatost nnduml What would bo tho angle, warn It notfurS 
(lis KslBtanai of Ilie olrt Explain Fig. 112. 133. What kIsrco la ba»d an lbs lamf 
DfpimJsiiCllHf IM. Row im ntlUtair pnJectllH dlachargsd? Giplaln tbem 
whlOh apTDjp«tllDlsdlficbhr^d widiflqiipawdar. Ity wbom was ^npowdor li 
edi To whom waa It «arly knownf Wist En^ih phUoaoiihor alluded to 1 
*1iobT What PrUMLaji monk InTeaHgated 11a proparUosl Where mndwlioi 
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Fig. 68. 



investigated its properties ; he has bj some been called its inventor, as Ba- 
con has bj others. The first that we hear of cannon's being nsed in war is 
at the battle of Cressj, between the French and English, a. d. 1846. 

135. As the striking force of a body increases with the 
square of its velocity, the pieces of ordnance used in attack- 
ing a fort are so charged as to give the balls the greatest 
possible velocity. In naval engagements, on the other 
liand, no greater velocity is desired than will just plant the 
balls in the enemy's hull ; for thus, imparting the whole of 
their motion to the ship, they give it a greater shock, and 
do more damage by splintering its tim- 
bers, than if they have sufficient veloci- 
ty to carry them completely through. 

136. The Ballistic Pendulum. — 
Several methods have been tried for 
measuring the initial velocity of can- 
non-balls. One is to suspend the piece 
from which the ball is fired, and meas- 
ure its recoil, which is pro- 
portioned to the force with 
which the ball is dis- 
charged. Another method 
is by means o{ the Ballis- 
tic Pendulum, represented in Fig. 53. 

From a horizontal shaft of iron, is suspended, by strips of wrought 
iron, in such a way as to move freely backward and forward, a hollow 
block of cast iron. A, filled with sand. The ball, fired ag^nst an opening 
in the face of the block, and received on a sheet of lead within, drives back 
tlio block to a distance proportioned to the ball's velocity. This distance 
is measured on a graduated limb, B, placed under the axis of the block, 
by means of a brass slide, C, which is attached to the block and moves on 
the limb. The weight of the block, the distance it is driven, and the weight 
of the ball being known, the velocity of the ball can be determined. 

137. It is found by experiments with the ballistic pen- 
dulum that the greatest velocity that can be given to a can- 
non-ball is a little less than 3,000 feet in a second. To make 
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cannon first used In war? 185. How are pieces of ordnance chai^d for attackin(r a 
fort? now in naval engagements, and with what object ? 186. What methods have 
been tried for measnring the velocity of balls ? Describe the Ballistic Pendalum. 
187. What Is the greatest velocity that can be given to a canoen-baU f What is said 
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a piece carry the greatest distance, it must be -charged with 
a certain amount of powder, which is not xmiform, but va- 
ries even in different pieces of the same size. A larger 
charge is not only useless, but dangerous, as it may burst 
the gun. 

The longer the barrel of a gun, the greater is the velo- 
city imparted. to the ball; but its random is thus only 
slightly increased, and, for various reasons, great length is 
now regarded as a positive disadvantage. 

Tlie Pendulum. 

138. A Pendulum Fig. 54 
consists of a heavy ^ 
ball suspended in such 
a way as to swing to and 
fro. Fig. 64 represents 
a Pendulum. 

If raised on one side and 
let go, the ball of the pendu- 
lum, B, wiU be carried down 
by. gravity with such force as 
to rise by its inertia to the _ 
same height on the opposite '**%., 

side. From this point it will ^^---JP JL ^..'' 

again fall and rise on the other 
side; and, if no other force 
than gravity operated, it would 
keep on rising and falling for- 
ever. The friction at the point of suspension, however, and the resistance 
of the air, are constantly tending to check its motion ; and the consequence 
is that it swings each time a less distance, and finally comes to rest. 

139. When swinging to and fro, a pendulum is said to 
vibrate / and the portion of a circle through which it moves 
is called its arc. In Fig. 64, C D is the arc of the pendu- 
lum AB. 

140. Laws of Vibration. — First Law. — The vibror 

of the amount of powder to be used for a charge ? What is the effect of lengthening 
the barrel of a gun ? 188. Of what does a Pendulum consist ? What takes place when 
a pendulum is raised on one side and let go ? What causes it finally to come to rest? 
189. When is a pendulum said to vibrate f What is meant by the are of a pendulum ? 
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tions of a given pendulum are performed in very nearly the 
same time^ whether it moves through longer or shorter arcs. 

Thus, in Fig. 54, if the pendulum A B were raised only to E, it would be 
as long in swinging from E to F as from G to D. The shorter the arc, there- 
fore, the slower its motion. It is on this principle that a swing, when first 
set in motion, goes Teiy slowlj, but increases in velocitj as it is pushed 
higher and higher. 

141. Second Law, — The vibrations of pendulums of 
different length are performed in different times ; and 
their lengths are proportioned to the squares of their times 
of vibration. 

One pendulum vibrates in 2 seconds, another in 4. Then the latter will 
be four times as long as the former ; because thej will be to each other as 
the square of 2 is to the square of 4, — that is, as 4 is to 16. Hence, to have 
its time of vibration doubled, a pendulum must be made 4 times as long ; to 
have it tripled, 9 times as long ; to have it quadrupled, 16 times as long, &c. 
A pendulum, to vibrate only once in a minute, would have to be 60 times 60, 
that is 3,600, times as long as one that vibrates once in a second, — or a little 
over 2 miles. 

Conversely, the times in which dififerent pendulums vibrate are to each 
other as the square roots of their length. If one pendulum be 16 feet long 
and another 4, the former will be twice as long in vibrating as the latter ; 
for their times of vibration are to each other as the square root of 16 is to 
the square root of 4, — or as 4 to 2. 

142. Third Law. — The vibrations of the same pendu- 
lum are not performed in the sam^ time at aU parts of the 
earth's surface ; but, being caused by gravity, differ slight- 
ly, like gravity, according to the distance from the earths 
centre. 

On the top of a mountain five miles high, for instance, a pendulum vibrat- 
ing seconds would make 10 less vibrations in an hour than at the level of the 
sea, because it would be farther from the earth's centre. At either pole, a 
second-pendulum would make 18 more vibrations in an hour than at the equa- 
tor, because it is nearer the centre, the earth being flattened at the poles. 
Hence the vibrations of the pendulum afford a means of measuring heights. 
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140. What Is the first law relating to the pendalam ? Illustrate this with FI*. 56. 

141. "What Is the second law ? Apply this law in an example. When the lengths of 
different pendulums are known, how can we find the relative times of vibration ? If 
we have two pendulums, 16 and 4 feet long, how will their times of vibration com- 
pare? 142. What is the third law? What is the difference in the nmnber of vibra- 
tions in a second-pendalnm at the level of the sea and at an elevation of five miles ? 
How would the number of vibrations at the pole compare with those at the equator f 
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Thgir bUo nanfirm wbat we hare learaed, that the polar diameter of the earth 
iaaslmiles shorlor than its equatorial dianieter. 

In the latitude of Ncir York, a pendulum, to Tibnite eccoDds. must bu 
tbout Sa'/ia inches loag ; whereas at g;iitxbcrgeii, in the for Nortb, it must 
bealilUeoTerKB'/,, and at the equator exactly B'J inches. 

143. Application op the Pe.\dulum to Clock-wokk. 
— Galileo,. to whom acieuce owob bo much, was the first to 
think of turning the pendulum to a practical use. Ohaerv- 
ingthat a chandelier snspetided trotu the ceiling of a church 
in Pisa, when moved by tlie wind, vibrated in exactly the 
same time, whether carried to a greater or less distance, he 
at once saw that a similar instrument might be employed 
in moaBiiring small intervals of time in astronomical obser- 
vations, 

To adapt it to this use, it was necessary to invent some 
way of counterbalancing the constant loss of motion caused 
by frictiou and the air's resistance. Tliis was done by the 
Dutch astronomer lluyghens [/ti'-ffenz], who in the year 
165B first applied the pendijum to clock-work. To this 
great invention modem astronomy owes its preciaon of ob- , 
servation, and conaequenlly much of the progress it has 
made. 

144. Ab a pendulum vibrating seconds, which is over ; 
39 inches long, would be inconvenient in clocks, it is custom- 
ary to use one that vibrates half-seconds ; which, according 
to the principles laid down in § 141, is one-fourth as long, 
or a little less than lo inches. 

145. At the same distance ftom the equator, the same | 
elevation above the sea, and the same temperature, a pen- 
dulum of ^ven length wiU always vibrate in exactly the 
same time, and a clock regulated by a pendulum will 
keep uniform time. If taken front tho equator towards the 
Ijoles, the pendulum will vibrate more rapidly, and the clock 

TtTiallstlielonKtliof asecond-pendulum utSewTurliJ At SpiUlwrffnf Al 
eiiuatoif 1«. Who lint tbongbl u/ turning tha penflolom to ■ pn»ll™l uw ? 
Ute the dminutanca that 1^ him Ifl ds so. ToDBablall tn mnunrDSmiilL Lntervnti ) 
Df time. 'hot HnsDnCnseMNUTt Wbo dlil tMi, uiil tbii> flnt ipplM Ibc pendu- 
lum to dopfc-wock f !«. Wiiat Is llio length of tho |Hndnlnni!> p^nenUly nKd la 
tlocksf 146. Under irliBt drcnmataaee* "rill » pendnlum nlmLji* rlbrnte in UieuBM 
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will go too fast. If taken up a mbontain, the pendolom 
will vibrate less rapidly, and the clock will go too slow. If 
expanded by the heat of summer (for such we shall here- 
after learn is the effect of heat), the pendulum will also vi- 
brate less rapidly, and the clock will go too slow. 

146. Telk Geidibon Pendxtlum. — ^To prevent a clock 
from being affected by heat and cold, the Compensation 
Pendulum is used. 

Fig. 55. One form of the Compensation Pendalum, known as the Grid- 

iron Pendulum, is represented in Fig. 55. It consists of a frame 
of nine bars, alternately of steel and brass. These are so ar- 
ranged that the steel bars, being fastened at the top, have to ex- 
pand downward ; while the brass ones, fastened at the bottom, 
expand upward. The expansive power of brass is to that of steel 
as 100 to 61 ; therefore, if the length of the steel bars is made 
^*%i the length of the brass bars, the expansion of the one metal 
counterbalances that of the other, and the pendulum always re- 
mains of the same length. The steel bars in the figure are rep- 
resented b J heayj black lines ; the brass ones, by close parallel 
lines. 

147. A dock is regulated by lengthening or shortening its 
pendulum. This is done by screwing the ball up or down on 
the rod. The ball is lowered when the clock goes too fast, and 
raised when it goes too slow. 



EXAMPLES FOE PRACTICB. 

3. {See Fig, 45, and §§ 107, 109.) What would be the weight (that is, the 
measure of the earth's attraction) of an iceberg containing 40,000 tons of 
ice, if raised to a height of 1,000 miles above the earth's surface ? 
What would it weigh 1,000 miles beneath the earth's surface ? 
2. A horse at the earth's surface weighs 1,200 pounds ; what would he weigh 
4,000 miles above the surface ? 

How far beneath the surface would he have to be sunk, to have the 
eame weight ? — Am. 8,000 miles. 
8. A Turkish porter will carry 800 pounds ; how many such pounds could he 
carry, if he were placed half way between the surface and the centre of 
the earth, and retained the same strength ? — Ana. 1,600. 

How many such pounds could he carry, if elevated 4,000 miles above 
the surface with the same strength? 

time ? What will cause It to vibrate more rapidly, and what less ? 146. To prevent 
a clock from being affected by heat aad cold, what is used? Describe the Oridiroa 
Pendulum. 147. How is a clock regulated? 
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EXAMPLES FOR FaAtTTICB. 

t. Whiil would a body weigtuDg 100 ponnda at the earth's sorlaee b 
1,000 miles abore the surfwe! 

What would it weigh 1,000 miles below ttm surfucet 
5. Would an !#' pound caniiOD-bull weigh mora or loan, 2,000 milos abov 

earth's surfiioe, than 3,000 milea below iC,~uiid bow much ! 
G. At the centra of the earth, what would ba Iho diflbrence of weight bet 
■ man weighing 900 pounds atlha Burfaeo and one weighing 100 pou 

Four tbouaand miles sbove tbe surtoce, what would be the difiereuce 
In their weight %—An8. 2S lb. 

I. ISti Bala 1, % HI. — la lAi examplet tAal /bllaai, tto allowaTict iimadtjbr 

the retiitaiue qfthe air.) A idbd fuUB from a church steeple [ how mimy 
(bet will ho piUE through in the third aecond of his descent ? 

t. How fur will B, stone fiiil in the twelfth aecond ofita descent? 

e. iSt) Eule 3, S 121.) How gruitt a velocity does a falling stone sttoiu in 
KConde ! 

10. A buil-stane has heen fallicg one-third of a minute; what ia its velocity 

II. {Sm Suit S,i 131.) How far »iU a stone fall in 10 seconds ( . 
la. How&ririllahail-stone fall in one-third of a minute! 

13. I drop a pebble into an empty well, and bear it strike the bottom in ei 
■otly two seconds. How deep is the well t 

Hon many fbet does the pebble fall in (he first socond of its deseentf I 
Uow many, in the second f 
What Telooily has the pobblo at the moment of alrifeing? 
I^ A Eouaket-bsQ dropped from n balloon contitiuGa TulUng hulfa mi 
fore it reaches the earth ; how higli is the bsUooo, and what is 
city of tbe ball when it reaches the earth i 

15. What is the velocity of a stone dropped into a mine, after it bus been fall 
ing T secouds. and bow (or bos it dasceuded ? 

16. {Su gl22.) Wliut would be tbe veiuoity of the same stone at the end ol 
the seventh second, if thrown into the mine with a Telocity of SO feel 

D second, and how Air would it have descended ? 
IT. An arrow blls from a balloon for seconds. How far does it fall alio- | 
gether, bow far in the last second, and what velocity does it atti 

Whatwould these three anawors ho, if the arrovr were diaohargcd from 
the balloon with a velocity of 10 feet per second F 
IS. (S^ i 125.) How long will a boll projcclad upwards with a velocity of 
138^ ten per second, coiiCiniio to aaocnd 1 — Am. i sue 
How great a height will it attun 1—An>. a6T>£ ft. 
What will be its vetooity, sner it has been ascending one second f 
AtUr two seconds! Alter three seconds? 
19. How many seconds will a mnsket-hall, shot upward with a velocity of 
£25Vi (bet in a second, continue (o ascend F 
How many feet will il rise ! 
id, A stone thrownup into the sirrises twoseeonds; with what velocity was 
it thrown! 

, vibrate only J 
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* 

22. Two penduloiDB at the Cape of GK>od Hope vibrate respectiyeljr in 40 sec- 
onds and 10 seconds ; how many times longer is the one than the other ? 

23. Two pendulums at New Orleans vibrate in 40 seconds and 10 seoondB; 
how manj times longer is one than the other? ■ , 

24. lu the latitude of New York, a pendulum vibrating seconds itf^Vit 
inches in length ; how long must one be, to vibrate once in 10 seconds t 
— Ana. 3,910 incites. 

Uow long must one be, to vibrate 4 times in a second at the same placet 
— Am. 2'Vieo incites. 
&5. At the equator, a pendulum 39 inches long vibrates once in a second ; how 
long must a pendulum be, to vibrate once in half an hour at the same 
place ? 

How long must one be, to vibrate 10 times in a second ? 
26. At Trinidad, a seconds-pendulum must be about 89Vm inches long ; what 
would be the length of one that would vibrate 8 times in a second? 

What would be the length of one that would vibrate 8 times in a 
minute ? 

What would be the length of one that would vibrate 8 times in an hour? 



•♦• 



CHAPTER VI. 

MECHANICS (CONTINUED). . 

CENTRE OP GRAVITY. 

148. The Centre of Gravity of a body is that point 
about which all its parts are balanced. 

The centre of gravity is nothing more than the centre 
of weight. Cut a body of xiniform density in two, by a 
plane passed in any direction through its centre of gravity, 
and the parts thus formed will weigh exactly the same. 
The whole weight of a body may be regarded as concen- 
trated in its centre of gravity. 

149. The Centre of Gravity must be carefully distin- 
guished from the Centre of Magnitude and the Centre of 
Motion. 



148. What is the Centre of Gravity? How may we divide a body of uniform 
density into two parts of equal weight ? Where may we regard the whole weight of 
a body as concentrated? 149. From what most the centre ot gravity be carefully 



CB14TKB OF GRAVITY, 

150. The Centre of Magnitude (or, aa_ we briefly call it, j 
the Centre] of a body, is a. point equEilIy cUstont from its i 
opposite sides. 

151. The Centre of Motion in a revolving surface is it I 
poiot which remains at rest, while all the other points of I 
tbe surfjce arc in motion. 

In all revolving bodiea, a number of points remain at j 
rest. The line connecting them is called the Axis of ] 
Motion, or briefly, the Asis of the body. 

1G2. Tbe centre of grsTity ma;r coincids 
nith the centre of magaitude and lie in the 
axis o( matiaa, bnt aeed aat do so. In 
Fig. 56, A repreaeata a. wheel entirely of 
Kood of uuifonn deneit; ; here the ci 
of gravity coincides with 
mBgnitudc, C, Dnd tioth lie in the nxia of 
motion. B repreaenla the same wheel ^ 

with ita two lower spokes and part of tbe felly of lend. The centre uf J 
mngnitDdc, C, sttll lies in the uxis, lint (he aentro of gravity hus fiiUeQ' J 
loD. 

Whea a body is of ouifurm density, ita ocDtre of gravity coincides w 
its centre of nmgnitnde. When one pa-rt of n bodj is heavier titan anuti 
the centre of gravity lies nearer the heavier part. 

153. A line drawn perpendicularly downward from t 
centre of grai'ity is called the Line of Direction. In Fig 
56, C E and I> E are the Lines of Du-ection. 

154. How TO Fi>TJ TUB Centre of Gkatitt, — The p 
of a body in which the centre of gravity is situated, may boi 
fotmd, in some cases, by balano- 
ing it on a point. Thus the cen- 
tre of gravity of the poker rep- 
resented in Fig. 6'j lies directly 
over the point on which it is 
balanced. 

153. Li a solid of regular 

UitlnguldiadT isa WtuUlBlbsUcntrsDrMognltailD? 1B1. What Ig tbe Contra 
itatlbor WbatlstbeAilsoTitnTVlvliigiphociir ISti. Bliaw. HlUiFleiM.htiu' 1 
MDtra of plTitf may not colneida witli Uio eentre of mnpiltBile, .if liu In the u 
irnen doei a body's ceutn of ^ravltf ontnelilD with Ibueutm of musDltuiIaT ' 
una part li huailer tliaD aueiber, when dues Uie ceutronf gravity Ho! 1D& 
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* 

22. Two pendulams at the Cape of Good Hope vibrate respectiyeljr in 40 see- 
onda and 10 seconds; how niaiij times longer is the one than the other? 

23. Two pendulums at New Orieans vibrate in 40 seconds and 10 seooads; 
how manj times longer is one than the other? . ^ - 

24. In the latitude of New York, a pendulum vibrating seconds I#MVm 
inches in l.ength ; how long must one be, to vibrate once in 10 seconds t 
— Ans. 3,910 inches. 

How long must one be, to vibrate 4 times in a second at the same placet 
— Ans. 2'Vieo inches, 
S5. At the equator, a pendulum 39 inches long vibrates once in a second; how 
long must a pendulum be, to vibrate once in half an hour at the same 
place? 

How long must one be, to vibrate 10 times in a second ? 
26. At Trinidad, a seconds-pendulum must be about 89Vm inches long ; what 
would be the length of one that would vibrate 3 times in a second ? 

What would be the length of one that would vibrate 8 times in a 
minute? 

What would be the length of one that would vibrate 8 times in an hour? 



•♦•- 



CnAPTER VI. 

MECHANICS (CONTINUE!)). . 

1 

CENTKEB OF GRAVITY. 

148. The Centre of Gravity of a body is that point 
about which all its parts are balanced. 

The centre of gravity is nothing more than the centre 
of weight. Cut a body of xmiform density in two, by a 
plane passed in any direction through its centre of gravity, 
and the parts thus formed will weigh exactly the same. 
The whole weight of a body may be regarded as concen- 
trated in its centre of gravity. 

149. The Centre of Gravity must bo carefully distin- 
o-uished from the Centre of Magnitude and the Centre of 
Motion. 



148. What is the Centre of Gravity? How may wo dlvldo a body of uniform 
density into two part* of equal woljcht ? Whom may wo rojcanl the wiiolo weight of 
a body 08 concentrated? 149. Prom what iimiit the ountro of gravity bo oawrfUlly 



CENTBB OF GRAVITY. 



n 




160. The Centre of Magnitude (or, as we briefly call it, 
the Centre) of a body, is a point equally distant from its 
opposite sides. 

151. The Centre of Motion in a revolving surface is a 
point which remains at rest, while all the other points of 
the sur&ce are in motion. 

In all revolving bodies, a number of points remain at 
rest. The line connecting them is called the Axis of 
Motion, or briefly, the Axis of the body. 

152. The centre of gravity may coincide ^S- ^ 

with the centre of magnitude and lie in the 
axis of motion, but need not do so. In 
Fig. 56, A represents a wheel entirely of 
wood of uniform density ; here the centre 
of gravity coincides with the centre of 
magnitude, C, and both lie in the axis of 
motion. B represents the same wheel 
with its two lower spokes and part of the felly of lead. The centre of 
magnitude, C, still lies in the axis, but the centre of gravity has fallen 
toD. 

When a body is of uniform density, its centre of gravity coincides with 
its centre of magnitude. When oae part of a body is heavier than another, 
the centre of gravity lies nearer the heavier part. 

153. A line drawn perpendicularly downward from the 
centre of gravity is called the Line of Direction. In Fig. 
66, C E and D E are the Lines of Direction. 

154. How TO FIND THE Centbe OF GRAVITY. — ^The part 
of a body in which the centre of gravity is situated, may bo j 
found, in some cases, by balanc- 
ing it on a point. Thus the cen- 
tre of gravity of the poker rep- 
resented in Fig. 57 lies directly 
over the point on which it is 
balanced. 

155. In a solid of regular 

distinguished? 160. What i8 the Centre of Magnitude ? 151. What ia the Centre of 
Motfon ? What is the Axis of a revolving sphere ? 152. Show, with Fig. 6d, how the 
eentre of gravity may not coincide with the centre of magnitude, or lie In the axis. 
When does a body's centre of gravity coincide with Its centre of magnitude? When 
one part Is heavier than another, where does the centre of gravity lie ? 15a What 



Fig. 5T. 
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* 

22. Two pendulamB at the Cape of Good Hope vibrate respectiyeljr in 40 sec- 
oads and 10 seconds; how manj times longer is the one than the other ? 

23. Two pendulums at New Orleans vibrate in 40 seconds and 10 seoondB; 
how manj times longer is one than the other If . ^ 

24. In the latitude of New York, a pendulum vibrating seconds itf^Vit 
inches in l.ength; how long must one be, to vibrate once in 10 seconds t 
— Ans. 3,910 inches. 

How long must one be, to vibrate 4 times in a second at the same place? 
— Ans. 2'V,eo incites. 
S5. At the equator, a pendulum 39 inches long vibrates once in a second ; how 
long must a pendulum be, to vibrate once in half an hour at the same 
place? 

How long must one be, to vibrate 10 times in a second ? 
26. At Trinidad, a seconds-pendulum must be about 89Vm inches long ; what 
would be the length of one that would vibrate 3 times in a second? 

What would be the length of one that would vibrate 3 times in a 
minute ? 

What would be the length of one that would vibrate 8 times in an hour? 
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CHAPTER VI. 

MECHANICS (OONTINUKD). . 

CENTEE OF GRAVITY. 

148. The Centre of Gravity of a body is that point 
about which all its parts are balanced. 

The centre of gravity is nothing more than the centre 
of weight. Cut a body of xmiform density in two, by a 
plane passed in any direction through its centre of gravity, 
and the parts thus formed will weigh exactly the same. 
The whole weight of a body may be regarded as concen- 
trated in its centre of gravity. 

149. The Centre of Gravity must be carefully distin- 
guished from the Centre of Magnitude and the Centre of 
Motion. 



148. What is the Centre of Gravity ? How may we divide a body of uniform 
density into two parts of equal weight ? Where may we regard the whole weight of 
a body as concentrated ? 149. From what must the centre of gravity be carefully 




OF GKAYITY. 

150. The Centre of Magnitude (or, as we briefly call it, | 
the Centre) of a body, is a point equally distant from its ' 
opposite BJdea. 

151. The Centre of Motion in a revolving sorface is a I 
point which remains at rest, while all the other points of ] 
the surface are in motion. 

In all revolving bodies, a number of points remain at 1 
rest. The line connecting them is called the Axis of J 
Motion, or briefly, the Axia of the body, 

IfiS. The contra of gravitj may coincide 
with the oentreof magnilude ai 
axis of molion, but need nnl 
Fig. at, A repreientB B wheel 
wood of uniform density ; here 
of grBvilf coincides with th( 
msgoitude, C, and bath lie in tlie axis of 
motiuB. B represents tbe eaote wheel 
with ita two towor spokCH und part of I 
mngnitude, 0> still lies Id tbo axis, but 
(oD. 

Whea a body is of uniform deasilj, its centre of graTily ci 
ite centre of magnitude. When oqe part of a body ia heavier than acolher, j 
the oentra of gravity lies nearer the heaTicr part. 

159, A line drawn perpendicularly downward from t 
centre of graiity is called the Lino of Direction, In Fijg 
66, C E and D E arc the Lines of Direction, 

154. How TO FIND THE Centee OF GRAvrTT. — The p 
of a body in which the centre ofgravityis situated, may b 
foond, in some eases, by balanc- 
ing it on a point. Thus the & 
tre of gravity of the poker rop- 
rcsentod in Pig. 57 lies directly 
over the point on which it is 
balanced. 

155. hi a solid of regular 
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Fig. 53. 



shape and uniform thiclaiess and density, so thin that it 
may be regarded as a mere surfece, such as a piece of paste- 
board, the centre of gravity may be found by ascertaining 
any two straight lines drawn from side to side that will 
divide it into two equal parts. The point at which these 
lines intersect is the centre of gravity. Thus, in a parallel- 
ogram, the centre of gravity is the point at which its two 
diagonals intersect. 

When such a surface is irregular in shape, sus- 
pend it at any point, so that it maj move freely, 
and when it has come to rest, drop a plumb-line 
from the point of suspension and mark its direc- 
tion on the surface. Do the same at any other 
point, and the centre of gravity will lie where the 
two lines intersect. 

Thus, suspend the irregular body represented 
in Fig. 58 at the point A; and, dropping the 
plumb-line AB, mark its direction on the surfiEtce^ 
Then suspend it at C ; drop the plumb-line C D, 
and mark its direction. The lines cross at E, and 
there will be the centre of gravity. 

156. When two bodies of equal 
weight are connected by a rod, the 
centre of gravity will be in the centre 
of the rod. When two bodies of unequal weight are so con- 
Fig. 59. nected, the centre of gravity 

_f ^^ will be nearer to the heavier 

on^ These principles are il- 
lustrated in Fig. 69, in which 
C represents the centre of 
gravity. 

157. Stabiutt of Bodibs. — ^The Base of a body is its 
lowest side. When a body is supported on legs, like a 











Is the Line of Direction ? 154. In some bodiMVilK>w may the part in which the cen- 
tre of gravity lies be found ? 155. How may fhe eentre o€ gravity be found, in a thin 
eolid body of regular shape and uniform fbiekness and density? How may it be 
found in such a solid, when the shape is irregular? Explain the process with Fig. 58. 
156. When two bodies of equal wetght are connected by a rod, where does the centre 
of gravity lie ? How does it lie, wben the bodies are of unequal weight? 157. What 
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ohair, its base ia formed by lines connectiiig the bottoiOB of 
its legs. 

158. When the line of directiou &IU 
body stands ; when not, it falls. 

In Pig. BO, a a the centre of grar- j... „„ 
itj i Biaoe the line of direetinn, Q P, j—^' 
rulla within the base, the body will / Q \ 
jtaiiA lu Fig. 61, the line of direc- / I \ 

tion fiilla exactly at nne extremity of ^ — | ^ 

the bi»e, and the body nill be oi-er- 

turned by the aligbtaat force. In Fig. (t£, the line of direction falls 

the haae, itnil the body nil! &11. 

A miD carrying n loud on his back Duturaily 
■ endu forward, to bring hia line of direction with- 

libe base rurmed byhia feet Otherwise, the 

ne of direction fails outside of the base as 
shown ia Fig. flS ; end bo I ad f beafj may- 
pull him over backward 

159. Of different bodies of the 

same heiglit, that which has th broad '^ — - 

est base ia the harde t to overlnrn, beca 



Fig. a 



: 1k 



1 





I Mlbs BuBof a hoilyT When&l>»t3' li> iippurtca an Ic^ how 1b Id bius forniedf 

" Uft Hiwtansttliij lino of dlreollun fall, fcr a buUy to ilinilf IHustrata this with 

1 Ftga. BO, 61,09.' Whstpoiltlondnea a man cwrytmiiloadon lUi bHkuinine,u<I 

I wlirr IM, ordlir.'rcnt bodies eqi<*lly Ugh. whlcli la thg hicdut to avertDruf 
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base. Hence a pyramid is the most stable of all figures; 
and, of different pyramids of the same height, that which 
has the broadest base is the most stable. The pyramids 
of Egypt have withstood the storms of more than three 
thousand years. 

The stability of stone walls is increased hj making tbcm broader at tho 
base than at the top. Candlesticks and inkstands generally spread out at the 
bottom that they may not be easily upset. For the same reason, the legs of 
chairs bend outward as they approach the floor. A three-legged stool or 
table has a smaller base than one that has four legs, and is therefore more 
easily upset Hence, also, the ease with which a man standing on one leg i« 
OTertumed. 

160. A ball of uniform density has its centre of gravity 
at its centre of magnitude. When such a ball rests on a 
level surface, the line of direction falls on the point of sup- 
port, and it therefore remains in any position in which it is 
placed. But, as the base of a baU consists of a single point, 
— ^the point in which it touches a level surface, — ^a slight 
push throws the line of direction beyond the base, and 
causes the ball to roll. 

Fig.efi. 161. When a ball is placed on a 

>^-^ sloping surface, the line of direction 
falls outside of the base, and the ball 
begins to roll. A cube placed on the 
same sloping surface maintains its po- 
sition, because the line of direction 
falls within its base. See Fig. 65, in 
which C represents the centre of gravity. 

162. Of different bodies with bases equally large, the 
lowest is the hardest to overturn, because its line of direc- 
tion is least liable to &11 outside of its base. 



Why ? What Is the most stable of all jS^rares ? How long have the pyramids of 
Egypt stood ? Giye some fomiliar Instances in which the base of a body is made 
larger than the top, to increase its stability. Why are three-legged chairs and tables 
easily overturned ? 160. In a ball of uniform density, whore is tho centre of gravity ? 
What is said of the stability of such aball,when resting on a level surfaco ? 161. When 
snch a ball is placed on a sloping sur&ce, what takes place ? Compare it, in this re- 
spect, with a cube. 162. Of di£ferent bodies with bases equally large, which is the 




I 



shown in Fig. 67, it «ill fhll, becuusD 
the centre of gravity haa beoQ raised, 
■nd tbe lins of direotion now falls outside oftbebaae. 

Bigh chairs for cbildrOD aro unsafe, unless their legs spread at the bqt- 



I 



1 with 
heavy boggagB piiad 
on its top ia in danger 
of upsetting dd ■ 
rough road. On tho 
•Bame principle, a load 
ofstone may pass aafe- . 
ly over a, hill-Bide, aa 
which a load of hay 
nould be overturned. 
Fig. E4 shows that tba 
line of direction in tbe 
one cue would fait 
within the base, while 
in the other it would 



Pig. 89. 




63. Tlie lower its centre of gravity, tbe more stable a 
body is. Thosu, therefore, who pack goods in wagons oi- 
vessels, should [ilace the heaviest lowest. 

This principle baa been turned toacoDunt in building leaning lowers. The 
towerof Pisa, whicli is the most remarfcable of these atruota res, with a height 
of 150 feet, leans lo aocb a degree that its top overbaaga ita base more tban 
IS fbet ; yet it has stood firm for cantories. In this case, th 

been brouglit lower than it would otherwise have Ijeen, by the i: 
ivy materials at the bottom nod lighter ones higher up. Tbe lower si 
t^ dense volcanic rod:, the middle stories of brick, and the upper or 
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base. Ilcnce a pyramid is the most stable of all figures; 
and, of different pyramids of the same height, that which 
has the broadest base is the most stable. The pyramids 
of Egypt have \^dthstood the storms of more than three 
thousand veurs. 

The stability of stone walls is increased bj making them broader at the 
base than at the top. Candlesticks and inkstands generally spread out at the 
bottom that they may not be easily upset. For the same reason, the legs of 
chairs bend outward as they approach the floor. A three-legged sto(^ or 
table has a smaller base than one that has four legs, and is therefore more 
easily upset Hence, also, the ease with which a man standing on one leg is 
overturned. 

160. A ball of unifonn density has its centre of gravity 
at its centre of magnitude. When such a ball rests on a 
level surface, the line of direction falls on the point of sup- 
port, and it therefore remains in any position in which it is 
placed. But, as the base of a ball consists of a single point, 
— ^the point in which it touches a level surface, — a slight 
push throws the line of direction beyond the base, and 
causes the ball to roll. 

Fig. 65. 1^1- When a ball is placed on a 

^^"^ sloping surface, the lino of direction 
Mh outside of the base, and the ball 
begins to roll. A cube placed on the 
same sloping surface maintains its po- 
sition, because the line of direction 
falls within its base. See Fig. 65, in 
which C represents the centre of gravity. 

162. Of different bodies with bases equally large, the 
lowest is the hardest to overturn, because its line of direc- 
tion is least liable to Mi outside of its base. 



Why? What Is the most stable of all fibres? How long have the pyramids of 
Egypt stood ? Give some familiar instances in which the base of a body is made 
larger than the top, to incroase its stability. Why are three-legged chairs and tables 
easily overturned ? 160. In a ball of uniform density, whore is the centre of gravity ? 
What is said of the stability of such aball,when resting on a level surface ? 161. When 
such a ball is placed on a sloping snrface, what takes place ? Compare it, in this re- 
spcct, with a cube. 162. Of di£fbrent bodies with bases equally large, which is the 




which ft lout of bay 
would be overtunied. 
Fig. 03 sbons thrtt Ihs 
line of direc tion in the 
one case wanld bll 
Hilhin the 



163, The lower its centre of gravity, the more stable a 

fhody is. Those, therefore, wlio pack gooda in wagons or 
vessels, should place the heaviest lowest. 

Tbia priuciple has been turned toacCDDCit in building lesniag hi vers. TIio 
lower of Pisa, which ia (he most remarkable of these slnjctures, with n height 
of IGO feel, leans la anch & degree that ilB top overhangs its base more than 
IB Ifeet J yet it has stood firm for centuries. In this case, the centre of grar- 
Uy has been brought lower than it would oUierwise have been, by the use of 
heuvy materiuU at the bottoto and Lighter ones higher op. The lower st 
ire of dense volcnuic rook, ihe middle storiea of brick, and thu uppero 
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an exceedingly poroas stone. Thus buflt, the tower is much less liable M 
fall, than if the same material had been used throughout 

164. When the centre of gravity is broaght beneath the 

point of sappott, the stability of a bod j 
is still further increased. 



Fig. 69. 

c 



Fiff. 70. 



■B This is shown in Fig. 69. To balanoe a needle oa 

Jffki its point is next to impossible, on account of the 

i»r ^m smallness of the base, and the height of tiie centre of 

// \f gravity. It may be done, however, by rmming tlM 

/^ ^^ \ head of the needle into a piece of cork, G, and stick* 

M ft ^ ing into opposite sides of tiiis cork two forks. A, B» at 

w nm^ w ^qu^ angles. The whole may then be poised npoa 

the needle's point on the bottom of a wine-glass. In 
this case, the heavy handles of the forks bring ihi 
centre of gravity below the point of support, in the 
stem of the gloss. 

The common toy known as the Rocking 
Horse, represented in Fig. 70, is made on this 
principle. To a horse of any light materudy 
bearing a trooper or some other figure, is aW 
tached a wire to which a ball may be fastened. 
When the hind legs of the horse are placed on 
the stand without the ball, the line of direction 
fiills outside of the base, and the horse and hie 
rider fidl. When the ball is attached, how- 
ever, the centre of gravity is brought below 
the point of support ; the horse will then main- 
tain its upright position, and by moving the 
ball may be made to rock up and down. 

166. Effbot of Rotaby Mo- 
tion. — ^Rotary Motion, that is, mo- 
tion roand an axis, may keep a body from filing, even 
when its line of direction falls ontside of its base. Thus, if 
a boy tries to balance his top onHlts point, he finds it im- 
possible ; but, when he spins it, it stands as long as the ro- 
tary motion continues. The centre of gravity is not over 
the point of support all the time the top is spinning, but is 
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scribe the tower of Pisa, and the materials d whjkjh it is built 164. How is the sta- 
bility of a body ftirther increased ? Show bow a needle may be balanced on its point 
by applying this principle. Describe the Rocking Horse, and explain the principle 
Involved. 165. What is meant by Botary Motion ? What is one of its effects ? Why 
does a top fell over when we try to balance it on its point, but not fell when spinning? 



CENT.']1K OF HBAVITV IN MAN. 'il 

) constantly moving round the axia of motion; and, before 
\ the top can fail in consoqnonce of its being on one side of 
ds, it reaches the other side, and thus counteracts the 
preTiouM impulse. Hence, the faater the top revolves, the 
I steadier it is ; as its motion slackens, it gradually reels more 
I and more, and fbaUy fells. 

\. Chntkk of Gkavtty in Man. — The centre of 
I gravity in the body of a man lies between the hips ; tlia 
1 base is formed by lines connecting the extremities of the 
j feet. A man enlarges this base, and therefoi-e stands more 
I £nn, when he turns his toes out and pla^^es his feet a short 
1 distance apart. When old and infirm, he enlarges his base 
\ and increases his stability still further by using a cane. 

Wben attempting to rise from a sitting position, a man 
' must either bend his body forward or draw his feet back- 
' ward, in order to bring hia centre of gravity over his base; 
otherwise, he will fall back in making the attempt. So, a 
person who keeps his heeis against a wall, can not stoop 
without falling, because be baa no room to throw the mid- 
dle of hia body far enough back to keep the line of direc 
\ tion within the base, 

Fjg^ Tl. Nature teach- 
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Fig. 73. 



and DO effort is necessary to keep the line of direction within the 
base. 

An infant that has not learned to balance itself in a standing position 
creeps on all fours without danger, because it thus brings its centre of grav- 
ity lower and enlarges its base. In order to walk, it must know how to pre- 
senre its balance ; and, as some practice is necessary for this, the child in its 
first efforts is likely to fall. The same is the case with a dizzy or an intoxi- 
cated person, who for the time loses the power of preserving his balance- 
that is, of keeping his line of direction within his base. 

167. When a person slips on one side, he naturally throws out his arm on 
the other. Ha thna seeks to bring back his centre of gravity over his base, 
and, when be oan do so, he saves himself from &lling. A person skating baa 
to use his arms constantly for this purpose. Rope-dancers, in performing 

their feats, have to shift their centre 
of gravity from point to point with 
great rapidity; and, finding their 
arms insufficient for maintaining 
their balance on the rope, they use 
a long pole, with a slight motion of 
which they can throw the centre of 
gravity into any desired position. 

168. The e^epherds of Landes 
[lond]f in the south-west of France^ 
have turned the art of balancing to 
good account. Having to tend their 
sheep in a region covered with marsh 
in winter and hot sand in summer, 
they mount on stilts about four feet 
high. Though the centre of gravity 
is raised, and their liability to fall 
thus increased, by practising from 
an early age they become exceeding- 
ly expert on these stilts, and can not 
only walk on them, but even dance, 
and run so £Mt that it is hard for a 
stranger to keep up with them. 

169. Stable and Unstable Equilibbium. — ^The centre 
of gravity of every body tends to get to the lowest possible 
point. 




SHXPIIEBSe OF LAKDES. 



carrying a weight on one side ? Why do we find It easier to carry a pail of water In 
each hand than to carry but one ? ' Why is an Infant safer when creeping than when 
attempting to walk? Why does an intoxicated person reel? 167. When a person 
slips on one side, what does he do, and why? How do rope-dancers preserve their 
balance ? 168. How have the shepherds of Landes turned the art of balancing to 
practical use? 16a What point does the centre of gravity tend to reach? Illustrate 




STABLE AND UNSTABLE EQClI.inRHiM. 

A. ball auBjyendeil by & string, aa in Fig. 71, Had re- F 

based from tlie bucd lit K, or auy gther point, will not 
BflDie to rest till it readies L. " ' " 

of gravitj. B, is at ita lowcs 

A hmqniiir, do matter in i 
descends with its iron part first, becanae tl 
i^raTity, which is in that pnrt, tends lo ge 
possible. For thn tame reason, s 
uTow, when it has reached its highest point 
lud deseond* with its heSTieal part foremoat. * 

170. A Bolid body resting od a sar^e in anch a way 
tliat its centre of gravity is lower than it would be in any 
other position, ia said to be in Stable Equilibricm. If ita 
centre of gravity conld be brought lower by placing it dif- 
ferently, it is said to be in Unstable Equilibrium. 

Fig, m Tbas, the oval body, A B, represent- ^S- T«- 

j^-~~Y — ^.,^ ei in Fig. T5, is Ln (tabid equiiibrinm, /'T~\ 

. ( A beemise ile cant™ of grarilj. C, ia at / ^ 

\~ ^C ~J its loitoat posiibia point; and a force ( c \ 

^^ / ■ -^ spplied lo eitiiflr ead will not coow it I J 

* to Gtll over, but only lo rock U and fro. \ / 

In the pouUoa shown in Fig. 7 S, it is in anslable equilibrium, ^ ^ 

LeCBUBo ilB centre of gravity might he brooght lower ; and a 

slight push will orertnrD it and bring it to the poaition shown is Fig. T3. It 

is hardly possible to balance an egg on either end ; but placed on its sido, it 

171. The atabiJity of a sphere, or oval body like an egg, 
is increased by cutting it into two equal parts, as shown in 
Fig. 77. Basea of this shape are ^^ ^^ 
used in rocking toys, for support- 
ing the iignres of men and animals. 
Of this shape, :^so, are some of the 
huge Rocldng Stones found in different parts of Europe, 
which are so nicely poised tliat the slightest push cauaca 
them to rouk to and fro, while a dozen men can not over- 
turn them. 



1i with Fig. T4 When n |»ndalnii 

r, and why t 171). Wlienls.liody mid ( 
ilablB Eqalllbrtiiui r Apply thU In FIgi. 
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172. Paradozbs. — ^The tendency of the centre of grav-. 
ity to reach its lowest possible point sometimes produces 
wonderful effects, or Paradoxes, for which the unlearned 
are at a loss to account. Thus, we know that a ball will roll 
down a sloping surfece ; but a ball of light wood may be 
made to roll up a sloping surface by inserting a piece of 
lead in one side. 

Fig. 7a The ball A, for instanee, loaded on 

one side with a plug of lead S, is placed 
OD a sloping Bur£EU^. The centre of 
gravity Cy which is nearS, at once tends 
to reach its lowest point ; and owing to 
this tendency the ball rolls, till it reaches 
the position shown in B. 

178. In like manner, a double cone, or 
body having the form of two sugar-loaves joined at their large ends, may be 
made to roll up an inclined plane. Fig. 79 represents two rails, joined at one 

end, but apart and somewhat ele- 
^™' vated at the other. Place the 

double cone at the middle of the 
rails just described, and instead 
of rolling down to the narrow end 
it will roll up to the wide end. 
This is because the centre of grav- 
ity, though apparently going up, is really going down ; for, as the rails di- 
verge, they let the double cone further down between them. 





sphere or oval body be Increased ? For what are bases of this shape used ? What 
stones are of this shape ? 172. What are Paradoxes ? How are they sometimes pro- 
duced ? How may a ball bo made to roll np a sloping sur&ce ? Explain the principle 
involved, with Fig. 78. 178. Describe the ezperimeiit with the doable cone, and ex- 
plain the principle. 



CnAPTEE Til. 
lECHANICS (CONTINUED). 



1 H. Is a previous chapter we have treated of the Laws 
of Motioa; we now proceed to consider the foUowing prac- 
tical points : — 

I. The Motive Power, or Force by whieh motion is pro- 
duced. 

H. The Resistance to be overcome, or work to be done, 
wliich is always opposed to the Power. 

UI. The Macliiue, which is used by the Power in over- 
coming the Resistance, when it does not itself di- 
rectly act. 

IV. The Strength of the Materials employed. 

la the caae of a al^iunboalf eteaiu is ihe Powor bj whicb motion U pro- 
dnced; Ihe Wright of Um boat ja the ResUlancp, trhieb coDBtanlJ; urtKjBCi 
the Power. Since stcnm eiin nut be direcUy applied in aucb a way as to move 
the boat, n Munhine is used to aid in OTercoming the Resistance ; and this 
Hiuliinii is Uie engine. On tbe strengtb of Ihe maleriab omplofed depend 
the useMncBS and safelf ufthe wbule. 

mo lire Powers. 

l"e. The chief powers used by man in producing mo- 
tion are gravity, the elastic force of springs, his own 
Btreng^h, the strength of animals, wind, water, and steam, 

176. Gravity, — Springs, — Gravity is applied by attach- 
ing weights to machinery, which they keep in motion by 
their constant downward tendency, as in certiun kinds of 

174. Wlul fuar BDtil.'cU GoniieoWil vltli MccluiDia >n tmtnl of Id Ilia praunt 
•hspterf Inllia ™» of a Htownlmat, wliat Is tUo puwerl What, tb* rwldUiiiJof 
Tbit, tbe (Dauhlno 1 On what di»B the nBelblnou of tb« wlrnla depand f ITS. Name 
Am sbiaf pnwen suipln}^ hj nuui In iiroduping motloD. 1I& How Is gntlCy ap- 
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clocks. When the weight descends so &r that it reaches a 
support, the machinery ceases to move, and is said to " run 
down". When there is no room to use weights, springs 
are often substituted for them, as in the works of watches. 
A spring is made of steel, or some other elastic substance ; 
which, being bent, produces motion by a constant effort to 
unbend itself. 

177. Strength of Men and Animals, — With his own 
strength man can produce a certain degree of motion, but 
not such as accomplishes the grandest results. From the 
strength of animals he derives important assistance. Even 
rude nations tame the animals around them, and turn their 
strength to account. The American Indians, when first 
discovered, had not learned to do this ; and therefore, like 
other savages who rely entirely on their own strength, they 
had made no great advance in agriculture, manufactures, 
or any other branch of industry. 

The horse is the animal whose strength is most widely 
and advantageously used. For continued labor, one horse 
is considered equal to five men. A horse of average strength 
can draw a load of a ton, on a good road, from 20 to 25 
miles a day. 

178. Wind and Water. — Still more powerful forces are 
found in wind and water, which are extensively used as 
moving powers by all civilized nations. 

The wind is brought to bear, not only on the sails of vessels, but also in 
mills used for grinding grain, sawing wood, raising water, expressing oil 
from seeds, Ac. Such machines are called Wind-mills ; they were introduced 
into Europe from the East, about the time of the Crusades. The great objec- 
tion to the wind as a moving power, is its irregularity, for ih still weather the 
machines it moves are useless. 

Water is a very powerful and useful agent. A little stream is often a 



plied ? When is the machinery said to run down ? When there i8 no room to use 
weights, what are often substituted for them ? How does a spring produce motion ? 
177. What Is said of the strength of man as a source of motion ? What, of the 
strength of animals ? What animal is most widely used ? To how many men is one 
horse considered equal? As regards drawing, what is a day's work for a horse of av- 
erage strength ? 178. What sources of motion are still more powerful ? How is the 
wind brought to hear? What are machines moved by the wind called? Whence 
and when were wind-milla introduced into Europe ? What is the great objection to 
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eouraeofproBperity and wualth to an eiteDsive ngion. ASarding what is 
culled " water-power", it movua huge mocliinoa, and ttius a£forda tha meani 
Ofmiumfactnriiig Dasilj and cliooply. Water (ran firal uaedas a moliTe power 
by the RomaDB, in aimple maDhinca for grinding graia, about the commence- 
tueut of the Christian era. It ia now applied in various kinds of maoUincs, 
for sawing, spioniog, wearing, grinding, in. Thougb > sticam may run so 
high in spring and aa low in aummer as to be useleas for a time, there is far 
less difficulty from these causes tbaa from the irregularity of the wind. 

179. Steam. — ^The greatest of all the powers employed 
by man ia steaju, or tlje vapor generated by Bubmitling 
water to a Mgli degree of heat. Steam being an elastic 
fluid, its properties aud applications will be conddered 
hereafter. 

leO. The uaea of steam were unknawn to the ancients ; it was not till near 
the claae of the aerenteebtU century that its jinportancu began Eo bo realiied. 
Its applieatjon to machinery marks an era in the world's hislory, and hac in- 
vested man with immense powor ovur matter. Driving the boat uid car. it 
bears bim what was once a day's jonmej in sn hour. Applied in countless 
rarietiea of machines, it is llie means of ^applying as with tbousaods of oom- 
forts unknown ia one forefsthers. The farmer is indebted to it for bis spude, 
hoe, rake, scythe, ploughshare, and all his implements. It helps lo make 
the aheaiB with nhicli he cuts the wool fioiii his sbeep, and th«n cards the 
wool, and weaves it into doth. It separates his cotton from its seed, and 
turns it into muslui and osiico. It aida the builder by rooking his tools, find- 
ing his nails and bolts, moulding his ornaments, polishiog his marble, Gutting 
his skine, and sawing his wood. It supplies our parlors with furniture, our 
kitchens with cuaking utensils, our dining-rooms wltli ^asB and china, knives 
and forks. It knits, twists, woahea, iroOK'. dyes, gilds, grinds, digs, and 
prints ; and hardly any work of art meets our eyes, in making which steam 
Has- not betm directly or indirectly used. It does all (his, moroorer, with 
wonderful precision and rapidity. The pyramids of Egypt, wa are informed, 
kepi 100,000 men at work twenty years in their erection. It has been a 
pnted that one powerful steam-engine would have done as much work in the 
aa 27,000 of these Egyptiaaa. 




84 XSCHAKICS. 

182. The resistance is not always of the same character. 
It may be a weight to be lifted, as a pail of water jfrom a 
well ; or a body to be moved onward, as a train of cars ; 
or a wheel to be turned, as in a mill ; or particles to be 
compressed, Us in packing cotton in bales ; or cohesion to 
be overcome, as in splitting a log of wood. As the most 
usual form in which the resistance appears is that of a 
weight to be moved, the term Weight is often used instead 
of Resistance, with reference to work of any kind, or what- 
ever opposes the moving power. . 

183. Units op Work. — ^The efficiency of a force is esti- 
mated by the resistance it can overcome, or the amount of 
work it can do. In order to compare different forces, we 
must have a uniform unit of work. 

The unit of work adopted is the resistance encountered 
in raising one pound through the space of a foot. Hence, 
to raise a body any distance constitutes as many units of 
work as there are pounds in the body multipUed by the 
number of feet in the given distance. To raise 2 pounds 
of water from a well 6 feet deep^ is equivalent to twice 6, 
or 12, units of work. To lift a load of 1,000 pounds 10 
feet involves 10,000 units of work. 

184. HoRSB-POWERS. — ^In estimating large amounts of 
work, it is customary to use horse-powers as a measure. A 
horse can perform 33,000 units of work, that is, can r^se 
33,000 pounds a foot, in a minute. An engine, therefore, 
that can perform 33,000 units of work in a minute is said 
to be an engine of one horse-power ; one that can do 66,000 
units of work in a minute is an engine of 2 horse-powers ; 
and so on. Hence the following 

Hitle, — ^To find the horse-power of an engine, divide the 
number of pounds it is capable of raising one foot in a min- 
ute by 33,000. 



Ing fiict Is stated with respect to the pyramids of Egypt? 181. What is the Resist- 
ance ? 182. Mention some of the different forms in which the resistance appears, and 
give examples. What term is often used instead of reaistanoe^ and why ? 188. How 
' is the efficiency of a force estimated ? To compare different forces, what is it neces' 
lary to have? What is the unit of work generally adopted? Give examples. 
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185. rRiCTioN. — The effect of the moving power is often 
diminiahed by Friclion. 

Friction ia the red»tance which a moving body meets 
with from the surface on wMcU it moves. 

If all flurfiiOBS were perfectly amooth, there would be no frietion ; buterea 
those bodies that seem tlie BmootbeBt ure real]}' uuverod nitb miaatfl pmjeo- 
tioaa and depressions. These Qt iulo each other, and a ccrtaia decree of 
force ia required tn raiao the projeotions of the one surfaco over those of Iho 
olhnr. With (he naked eje ne can not detect say uueTenness on plate glass 
or polished sled; yet, if we vievr cither through a microscopo, vre Qnd 
its surface is far IVom smooth, and hence there ia some triatJuQ even when 
these siibalancea are rubhcd logcttier. 

186. Friction oppoeoa motion ia two ways: — 

1. By iucroasing the resistance, as when a weigt 
dragged over the ground, 

2, By diminishing the force before it is applied to the 
reaistftnce ; aa in machinery, which sometimea loses as much 
aflone-tliird of its power by the rubbing of its different parts 
against each other. 

Id eatimaliug the working power of a machini! fbr practical purposes, it 
is necessaiy to make allanauce tor the loss oecusioncd bj friotion ; but ii 
merd; iDcestigBting the principles of Mecbanica and the construction of ma 
chines, ne proceed as if the sarfacea concerned were perfectly smooth, an< 
no such thing as friction eiiated. 

187. Kinds ofPHction. — ^Tliere are two kinds of fric 
tion; — 

1, Sitding Friction, produced when a body slides on i 

surface, like the runners of a sleigh. 

2. Rolling Friction, produced when a body rolls on a ] 

surface, like the wheels of a wagon. 

188. Between any given surface and moving body, slid- 
ing friction ia much greater tlian rolling friction. Hence 
we roll a h.irrel of flour over the ground instead of drag- ' 



1S4. Hn« arc Targe nmnunta of work eatluuited ! Wlist il mumt bynS 
Give uooinple. Elovimiy Uiu liorau^'W-sr of an engine be fbund? i 
'la the aftct of thu movlDK power oltafl dlililillaliadT What is Frletlon I Hm- to ] 
It that ftiatiou Is cihlblted eron betweon >BTlkom that ippsar imoot 
ample. ISB. In how mimjwBja Hhm frioUon oppoBo motion* Mention Oem. Whan ' 
1> 11 Bpoeasary to make illnwanco fur frloHoii. and whnn not ( ISJ. How i 
of Morton are tbaroT Nnm8tiuni,aBdtollhoWBaohlaptoaaced. 183. B 
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ging it, and place a weight that is to be moved in a oart, or 
suspend it between wheels, instead of harnessing a horse 
directly to it. 



Fig. 80. 



On the same principle, we place rollers under a block of marble, and fiwten 
castors, or small wheels, to the legs of heavy pieces of fiimitare. Rollers are 

also used with advantage in poshing 
a ponderous packing-box up an in- 
clined plane into a cart, as shown in 
Fig. 80. In all these cases, sliding 
friction is converted into rolling, and 
the resistance is thus diminished. The 
larger the wheels and rollers emploj- 
^^^^ "'♦^ V^ n ^J ed, up to a certain limit, the greater 
"^ ' ^ the gain ; but even small ones mate- 
riallj lessen the friction. 

Rolling friction, on the other hand, 
may be converted into sliding. This is done when the wheels of a heavily 
loaded stage or wagon descending a steep hill are locked, that is, prevented 
from turning by an apparatus provided for the purpose. The resistance is 
thus increased to such a degree that the load can descend in safety. On the 
same principle, brakes are applied to the wheels of cars, to stop them the 
sooner. 

189. Laws of Friction. — Several important laws relating to friction have 
been settled by experiments. In making these, the apparatus represented in 




Fig. 81. 



Fig. 81 has been used. D E is a table, 
on which rests the block G. A string, 
passing over the pulley B, connects this 
block with a scale, A. By putting 
weights in the scale till the block moves, 
we arc enabled to measure its friction ; 
and, by making the block of dififcrent 
materials, varying its size and surface, 
and allowing it to remain a longer or 
shorter time on the table, the following 
laws have been established : — 

1. The friction of a body is greater when it commences 
moving than after it has been moving for a time. Thus it 




given surface and moving body, how does sliding friction compare with rolling frio-. 
tion ? Mention some familiar cases in which we convert sliding into rolling friction, 
to lessen the resistance. What is said of the size of the wheels and rollers employed f 
In what cases is rolling A-Ictlon converted into sliding? 189. How have the foets re« 
lating to fHctlon been settled f Describe the apparatns employed for this pnrpos«. 
When is the ftiction ot a body greatest? Between what bodies and surflAceB is fHo* 
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taltM a heavier weiglit to start the block C tban it docs af- 
terwards to keep it in motion. 

2. Friction is greater between soft bodies than hard 
bodies, and between rough surfaces than smooth ones. A 
aled that can hardly be moved over a newly ploughed field, 
is drawn without difficulty over a frozen pond. 

3. In many cases, friction is increased by letting tho 
Bor&ces remain in contact. At tho end of five or sis 
days, it has been found to be fouHeen times as great as at 
first. 

4. Between tho same surfaces, friction is proportioned 
to the weight of the moving body. The friction of a block 
weighing 20 pounds is twice as gi'eat aa that of a ten-pound 
block. 

6. Within certain limits, friction is not increased by ex- 
tent of plane snrfiuie. Aa long as the weight of a body re- 
miuns the same, its fiiction will not vary, whether it rests 
on a larger or smaller base. In Fig. 81, the block C has iia 
upper side hollowed out, bo that, if turned over, it will rest 
merely on two ridges ; yet the friction will bo the same when 
it rests on that side aa on the other. 

100, Modes qfZessemnff J^tction. — No means has yet 
been fonnd of doing away with friction altogether ; but it 
may be lessoned in three ways : — 

1. By Bmoothing and polishing the surfaces. 

2. By putting grease or some other InbHcartt, as it is 
caDed, between the surfaces. This fills up their depressions. 
Finely powdered plumbago {the common black-lead used 
in pencils), dry for wooden surfaces and mLxed with greaso 
for metallic ones, is one of the beat articles nsed for this 
purpose. The wood-sawyer greases his saw to make it 
move easily, and cartmen and carriage-drivers keep the 
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^- ^ axles of their wheels well covered 

with some lubricating preparation. 

3. The friction of a wheel maj 
be diminished by making its axle, 
that is, the cylinder running through 
the centre, turn on the circumfer? 
cnces of two other wheels at each 
end, as shown in Fig. 82. Such 
FEicnoH wmiA wheels are called Friction Wheels. 

They are used in delicate machinery. 

191. Uses of Friction. — Thongfa friction occasions a great loss of power, 
It is not without its beneficial effects. A river is prevented from mshing 
madly through its channel bj the friction of its waters on its banks and bed. 
A tempest gradually loses its force bv the friction of the air against the pro- 
jections on the earth's surface. It is friction that prevents the fibres of wool, 
hemp, and cotton, when twisted together, from slipping on each other and 
giving way. Without friction nails would be useless, for they would draw 
right out ; the wheels of a carriage would turn on the ground without moving 
it forward ; and neither man nor beast could walk. It is the friction of our 
feet on the ground that enables us to take steps : when the friction is lessened, 
as on smooth ice, we walk with difficulty ; were there no friction, we should 
find it impossible to walk at all. 

Machines* 

« 

192. Machines are instruments used to aid the Power 
in overcoming the Resistance. 

1 93. Simple machines used by the hand, are called Tools ; 
as, the chisel, the saw. 

194. Machines of great power are called Engines ; as, 
the steam-engine, the fire-engine. 

195. Machines merely aid the power in its action ; they 
can not create power. This follows from the inertia of mat- 
ter. The mightiest engine, therefore, remains at rest until 
acted on by some motive power ; and, when thus acted on, 
it can not increase the power in the smallest degree, but on 



are snch wheels called ? 191. Mention some of the beneficial effects of fliction. 
192. What are Machines ? 198. What are Tools ? 194 What are Enghies ? 195. What 
do machines merely do? Why can not a machine increase the power? IIIu3trate 
this principle in the case of a man who can raise 100 pounds of ooal a minute flrom a 




tb« other hand diminisbeB it, more i 
friction of its parts. 

atandiug over a pit 100 feel deep ( 
Itie top a tub contuibing 1 



r less accordiug to llit 



e, 8, or 10 tt 



D the epoce ofk minute, 
3ulids of cobI, no machine cao cna- 
e BBcae time. By luiug pulluja, he 
ure, rajao 600, bOO, or 1,000 pounds at a time, but it will tote bjiii 
ncs as long us before ; imd, tberefure, in the same time he will its 
k than with his handu alone — but less, on aciountof the friction 
of the pullers. So, a certain unount of Meun, juat capable of performing 
60,W0 units of wurl: iu a minate, ouo not b j an j uinebinery be made to pur- 
luruiauugle additioool nnit of workin the same time. Hence the great ani- 
rersal law which fbllowa ; — 

196. What a machine gains in amount of work, it loses 
in time J and what it gains in time, it loses in amount of 
vsork. 

Let ns applj this Ian-, A qaantitj of steam capable of moving 50,000 
pouuds ft foot in a second, may be made to mova 1UII,UU(J pounds a foot, bat 
it will be two seconda in doing it; or it may move the Keight a foot in half a 
second, bnt in that case it will more no more than 2.^,000 pounds. Under no 

loss of time, or a gain in time witbuut a corrcstioDdiag loss of units of work. 

197. pHKPffnrAL Motion. — By Perpetual Motion is 
meant the motion of a machine, which, without the aid of 
any external force, on once being set In operation, would 
continue to move forever, or until it wore out. 

Such a machine many have tried to invent, but without 

Bucceas. Friction and the resistance of the air are con- 

etantly opposing the action of machinery; and ns matter, 

n accoiuit of its inertia, can generate no power that will 

I compensate for this loss, every machine must in time come 

I to rest, unless some external force, such as wind, water, or 

steam, keeps acting upon it. Ilenoe Perpetual Motion is 

impossible. 

198. Advastage3 ofusisg Machinkey. — If no addi- 
tional power is generated by machinery, but there is an 

I actual loss from the friction ofits parts, why is it employed? 
—Because in other respects its nse is attended with impor- 
' tant advantagefi, among which are the following : — 
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00 KOCHAMOS. 

1. Machinery enables ub, with a certain amount of pow- 
er, by taking a longer time, to do pieces of work that we 
could not otherwise do at all. 

Thus, ft farmer with a crov-bar, m 
shown in Fig. 8S, can moTe a rock which 
nith hia buidB *loDe he could not stir. 
With the ud of two other men, be coald 
cany it or push it where he wanted, id 
one- third of the time that he could move 
it there alone with the cron>-bar; hatha 
maj not have two othera at hand to help 



Fig. 88. 







With machinery 10 a 

warii of 1,000. Of cour 

low of time is of little con 
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it will take 
(hemlOOtimeaaslong; b 
pared wiUi the difficulty of getting a thousand men together and placing them 
«o as to work without interferiDg with each other. Some heavy pieces of 
work are of such a nature that but tbw laborera can get around them at k 
time ; in these cases, unless the work ban be divided, which is not alna/j 
possible, it must remala andone without the aid of machinery. 

2. Machinery enables ns to use our power more con- 
veniently. 

The fhrmer remores a rock fhnn hia field with less difficulty and fatigue 
bymeansof B crow-bar than if be stooped oTer to lift it with hia handi. The 
porter with hii block and tackle hoists a box of goods loaloft with far greater 
ease than he could push or cany it up. The apparatus be uses enables him 
to boiat the load by pulling down upon a rope, and when palling down hia 
weight aids his strength. 



rig 94 



3. Machinery enables us to 
use other motive powers bcMdes 
our own strength. 

A horse without machinery can not UR 

a weight 1 bat be does it readily with the 
aid of the simple apparatus shown in Pig, 
84, Steam, applied directly to a boat, 
can not move it forward ; it is only with 
the help of machinery that it causes the 
wheel to revolve and thus produces mo- 
tion. Here, aa in all other cases, tba 



tlon* Show U]at perpeCnil moUou Is lmp«aLble. IBS. If no addltJonal power 
emlsd bjmuliiner;, why la It used! What la the first sdiuitBga of ualng mi 
Tjf Give an eismpla. U Bith dsohlDsr;, 10 mencan do tbeworkofl.OO 
long compirstlrel; will It lake them f Id some pleoes oT work, what dlDoal< 




Slrengtli of materials. 

199. There is a limit to the power of all machinery; 
and this limit iB the strength of the materials of which it is 
mude. Machinoa that work well in email models sometimcB 
utterly fail when made of full size, bscansc, when the resist- 
ance is increased and their own weight is added, no mate- 
rial can be found strong enough to stand the strain. 

Nature, nbo, recngnkea Oiia limit of siie. AtiimftlB, Bfter nttnining a cer- 
tain age, ceoEO to grow. If llie; kept en growiog, tbef wauld soon reaolt ■ 
ench a, slie and weight tliat tljii; oould not mure. If there vere an uiimiil 
much larger than the elejiliBUt, it wuuld stnggsr under its own weight, unless 
its bones and miuctes were thicker and firmer than any with vrhicli we are 
□on- acquaialed. Fiah, on the conlrai?, being tuppDrlcd b; the water, move 
{r&ily, no matter how heavy thej* Jnay he. Wholea have lieeu found over 50 
feet long and waighing TO tous — a muaBtruus size and weight, whioh no land 
animal could support. 

200. To determine how great a atra,!n given materials 
will bear, and how they may be put together with the 
greatest advantage, becomes an important question !a Prac- 
tical Mechanics, The relative strength of different sub- 
stances has been treated of under the head of Tenacity, on 
page 23, The following general principles relating to rods, 
beams, &c., should be remembered. 

1. Rods and beams of the same material and uniform 
Mze throughout, resist foroes tending to break them in the 
€lirection of their length, with different degrees of strength, 
according to the areas of their ends. 

Let there be two roda of equal length ; if the areaa of their ends are re- 
■pectivelj 6 and 3 sqaai'e iuehea, tbo one Trill bear twice as great a weight 

BFtitsIUcirr Wlut It ttioHundadvantnge of lulag machinery f Bote it this exem- 

pliflDdin thacueoTthebrmert Ugn. In tho cum oTtbcportvrl Wlmt Is Uie Ihlcil 

adviMitoge gained by uulngmachLiirr?? nlustralB thLt in tho cuo afa bone. In Uia 

cue of atoom. lDbDtbaftbue«a&eB,wiiitdn&B 

limit 1b there to tbo powir or iH luuhlnary ? 

■null mndeli of them work weUr Show bow iii 

ii It tbntflnhean moTO, tbot]ghmiich1iirB<^riuiei ' 

tRiportant quetitlon la proaontoii In Practical Mu 

Ulii down rospeoting rodii and boanisf Give on uiunplo. Wbanatod is vcrjEoriB. 



iljr do? 1». f 
UQhlnes onca tail, Oiongu 
raise! a limit ofalBd. How 
mlsDdaMnialal 200, What 
What is Uio B»t principle 



02 MB0HAKIC8. 

withoat breftking as the other. Thia law applies, no matter what the shape 
of the rods may be. 

2. When a very long rod is suspended vertically, its 
upper part, having 4;o support more of the weight of the 
rod than any other, is the most liable to break. 

3. The strength of a horizontal beam supported at each 
end diminishes as the square of its length increases. 

If two beams thus placed are respectivelj 6 feet and 8 feet long, the 
strength of the shorter will be to that of the longer as the square of 6 to the 
square of 8, — ^that is, as 86 to 9» or 4 to 1. 

4. A horizontal beam supported at each end, is most 
jeasily broken by pressure or a suspended weight in the 
middle, and increases in strength as either end is ap- 
proached. I^ therefore, a beam of uniform strength is re- 
quired, it should gradually taper from the middle towards 
the ends. 

5. A given quantity of material has more strength when 
disposed in the form of a hollow cylinder than in any other 
form that can be given it. Nature constantly uses hollow 
cylinders in the animal creation, as in bones and the tubes 
of feathers; and the artisan, imitating nature, employs it 
in many cases where strength and lightness are to be com- 
bined. 

EXAMPLES FOB PEACTICB. 

1. {See §§ 188, 184.) What is the horse-power of a steam-engine that can do 

1,650,000 units of work in a minute? 

2. What is the horse-power of an engine that can raise 2,376 pounds 1,000 

feet in a minute ? 
8. What is the horse-power of an engine that can raise 1,000 pounds 2,376 
feet in a minute ? 

4. A fire-engine can throw 220 pounds of water to a height of 75 feet every 

minute ; what is its horse-power ? 

5. A cubic foot of water weighs 62 Va pounds. How many horse-powers are 

required to raise 200 cubic feet of water every -minute from a mine 132 
feet deep ? 



what part of it Is most likely to break ? What law is given respecting the strength of 
a horizontal beam supported at each end ? Give an example. In what part is a hor- 
izontal beam supported at each end most easily broken by pressure ? What shape 
gives a beam uniform strength ? In what form must a given quantity of material be 
disposed, to have the most strength? 
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S. A locomotive dravrs a train of c 

frictioD, Ac) ia equiToJent to i 

what ia its horao-power 1 

[Find hoa majiD fetl the looomoiivi droimt the train in a minuti,aniithMtM 

praeud as Ss/ti™.] 

J. How taaaj ponnda can aji EngiQEof 10 horsfl-powBra ™aa in an hourfron'l 

S. A certaio man has Btreugth equivalent to '/a of me hurae-puwer; boirfl 
nianj pounda can Eie diaw up in a minute frum a pit 25 feet deep ? 

i. i^Seel\i%FoaHhLa'w.) H the friotlon of a train of cars weighing 50 to 

oa a level railroad, be eqaivatentlo a weight of 500 pounds, wbat will !>»■ 
the friotion of a triun neighing 35 louB.f of one wei^iing lUU ti 
one weighing GO tons ! 

10. (Ste %% ItIS, me.) C mm juat draw TS pouuda nf conl a minute c 
mine. With the aid uf ft system of puUuya, he can rube 22^ pounda at afl 
time ; the friotion Leing equiviile:nt to '!h poundi, how man; minutei 
will he to In loleing tho load t — Ans. i mio. 

[7n practical questioiti of thit hind, thefrietien mint be added to the ntM- 

11, With a certain maohine, one man ciindo aa mnoh snuigbt men without 
the maohine. Allowing the frictioti of the maohine to bo equal to 
oae-fourth of the reaiatanco, how much longer will he be in doing a 
certalo Bmonnt of work tlian the^ ! — Ane. 10 timea. 

)S, (5MSa0O.> [TheBna of a redaitffiUar garface u found by multiplying J 
iii length by Ui breadth ; thai ijf a triangle, by multiplying half tie ioM 
iy iti perpeadiaUar heigU.] Which will support the greater weight 
without breaking, ajoiatwhose section ialinchea long by S broad, or one 
of the some kind of wood, 3 inches by S ? 

IS. Which, when auspeoded, will bear the greater weight without breaking, 
a aqoare rod of iron whose eodia 3 incbea by 3, or a rod whose cross sec- 
tion ia a triangle with a base of £ incbea and a perpendicular height of 2 f 

11. Two rods of eopper, of eqoal lengl.h and uniform thickness, have onda re- 
spectively 4 iuches by 9, and IT incbea by half on inch. Wbicb, wlie 
Buapended, will support the greater weight? 

15. Twohoriwnral beoma of the aame matiriti], breadtb, and thickness, sup- I 
ported at botli eads. ore respectively 2 and 11 feet long. Wbich ia th^.J 
Mroogur uf the (wo, and bow oiapy tiioea? 
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CHAPTER VIIL 

MECHANICS (CONTINUED). 

THB MBCHANIGAL POWEBS. 

NiTMEBoiTS and varied as machines are, they are all 
combinations of six Simple Mechanical Powers, known as 
the Le'-ver, the Wheel and Axle, the Pulley, the Inclined 
Plane, the Wedge, and the Screw. ' These we shall con- 
sider in turn. 

Tlie lierer. 

201. A Lever is an inflexible bar, capable of being moved 
about a fixed point, called the Fulcrum. 

The leyer is the simplest of the mechanical powers. Its properties were 
known as far back as the time of Aristotle, 850 yean b. c. Archimedes, a 
hundred years later, was the first to explain them fuUy. 

202. Ejnds op Lkveb. — ^In the lever three things are to 
be considered ; the fulcrum, or point of support, the weight, 
and the power. Two of these are at the ends of the bar, 
while the other is at some point between them. According 
to their relative position, we have three kinds of levers : — 

ng. 85. jj, A Lever of the First Band is 

one in which the fulcrum is be- 
tween the power and the weight ; 
as in Fig. 85, where F represents 
the fulcrum, P the power, and W 
the weight. 

A Lever of the Second Kind is one in which the weight 
is between the power and the fulcrum ; as in Fig. 86. 

Of what are all machines combinations ? Name the six Simple Mechanical Pow- 
ers. 201. What is a Lever ? How does the lever compare with the other mechan- 
ical powers ? How long ago was it known? 202. In the lever, how many things are 
to he oonsidored ? According to their relative position, how many kinds of levers 
ftro there ? What is a Lo^er ct the First Kind ? What is a Lever of the Second Kind ? 
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A Lever of tins Third Kind ia one in' which the power ia 
batwBGn the weight and the fulcram ; as in Fig, 87. 

208. Law of titk Lever. — The same law applies to 
ali levBTB, whether of the first, aecond, or third kind ; viz., 
Intensity of force is gained, and time ia lost, in proportion 
as the diatanee beticeen tfie power and tfie fulcrum exceede 
the distance between the weight and the fulcrum. 

204. Levers op the First Kist>, — In levers of the firat 
Mnd, the relative position of the three important points is 

Fig. 68 eLowb oqo of the cduhuod- 
est form* of this kind of lever, — Ibe 
orow-bar. The power is applied at the 
hondlB. The weight is at the oilier 
end, and oonslatB of somutliing to lie 
moved. The fulcrum is a stona on 
which tlioarow-hu'rests. Ceiiigaiiiii- 
itnunent in this wn; is caUcd prying. 

According to the law of the lever, 1 203, the nearer the 
fulcrum is to the weight the greater the power gained, and 
consequently the greater the space that P will have to 
pass throngh in moving W a given distance. 

Thus, in Fig. 88, if Ibo distunca trom P *) F he five times that from 
W to F, a prcEstire of 10 pounds at P will just oouater balance a weight of 
BO poUQiJa alW, or move any tliinif under 60 pouada; while, for every 
inoh that W a moved upwurd, P will have to move B inches downward. 

The difltonoo through which the power must paaa, to move a weight vast- 
ly greater than itself, becomes an impurtnnt matter !□ practical applicatiens 
of the lever. When ArchimedcB sowtho immense power that could be ex- 
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erted with this instmmefit, be dedared that with a place to stand oo heeonld 
more the earth itaell He did not saj how Ur he woold hare to trard to do 
this, in eooaeqnence of the great disproportino between his strength and the 
earth's balk. Allowing that he had a place *to stand on and a lerer strong 
eooogfa, and ooold poD its long arm with a force of 30 pounds throogh two 
miles erery boar, it would hare takoi him, working ten boors a daj, orer 
one hundred thousand millions of rears to more the earth a sin^e inch ! 

205. 77ie balance. — When bodies of equal weigbt are 

6up|>orted by the anns of a lever, they will balance each 

Fig. S9. other when placed at equal distances 

" # ■ j^ # from the fulcrum, as in Fig. 89. They 

' are then said to be in equiliMum. 

Pig, 90^ On this principle the com* 

moQ Balance, represented in 
Fig. 90, is constructed. A 
beam is poised on the top of 
a pillar, so as to be exaotlj 
horizontaL From each end 
of the beam, at equal dis- 
tances from the fulcrum, a 
pan is suspended bj meana 
of cords. The object to be 
weighed is placed in one ci 
these pang, and the weights 
in the other. 

When great accuracy is 
required, the beam is bal- 
anced on a steel knife-edge ; 
the friction being thus les- 
sencd, it turns more easily. A balance capable of weighing ten pounds has 
been made so scnsitire as to turn with the thousandth part of a grain. 

206. The balance weighs correctly only when the arins of the beam are 
exactly equal. Hence dishonest tradesmen sometimes defraud those with 
whom they deal by throwing the fulcrum a little nearer one end of the beam 
than the other. When buying, they place the commodity to be weighed in 
the scale attached to the short arm ; and, when selling, in the other, thus 
making double gains. To prove a balance, weigh an article first in one scale 
and then in the other ; if there is any difference in the weight, the balance is 
not true. 
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tiral applications of the lever? Show this in the supposed case of Arohimede& 
205. When are two bodies of equal weight, supported by the arms of a lever, said to 
be in oquilibrinm ? What is constructed on this principle ? Describe the Balance. 
When great accuracy is required, how is the beam balanced ? How sensitive has a 
balance been made ? 206. When does the balance weigh correctly ? How do dishon- 
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The irne weight of a body maj be determined, with % fiUse balance, 
hj placing it in either scale, balancing it with shot or sand, and then remov- 
ing the body and replacing it with weights till equilibrium is established. 
This is called double weigMng. It must gire the true weight ; for whatever 
error is made in the first weighing is corrected in the wcond. 

207. The Steelyard, — When bodies of unequal weight 
are supported by the arms of a lever, they will balance eacli 
other whenever the weight of the one multiplied into its 
distance from the ftdcrum, is equal to the weight of the 
other multiplied into its distance from the fulcrum. 

In Fig. 91, let the distance WF be Fig. 91. 

one inch and PF three inches. The w r p 

weight of the one body, 30 pounds, mul- I ^ ' ' 1 

tiplied into its distance from the fulcrum, |3o| ll£l 
1, gives 80 ; the weight of the other, 10 

pounds, multiplied into its distance from the fulcrum, 8, gives 80. These 
products being equal, the bodies will balance each other. 

208. On this principle the Steelyard is constructed. 
The Steelyard is a kind of balance, which, though not so 
sensitive as the one described above, answers very well for 
heavy bodies, and is conveniently carried, as it requires but 
A single weight, and may be held in the hand or suspended 
anywhere. 

Fig. 92 represents the steelyard. ^ Fig. 92. 

It is a Ifsrer of unequal arms ; from >j{Qsrf<nw||Tfc, ,,,,;'',,, y, ,.,,/'/',,, .y 
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the shorter W which the article to 
be weighed is suspended, either di- 
rectly or in a scale-pan, while a con- 
stant weight is moved on the longer 
arm from notch to notch till equilib- 
rium is established. The number nnt stkslt^sd. 
at the notch on which the weight 

then rests, shows the required weight in pounds. Thus, 15 pounds is the 
woght of the sugar-loaf in the Figure. The proper distances for the notches 
are fotmd in the first place by experiments with known weights in the scalc- 
paq. 

To enable the steelyard to weigh still heavier objects without increasing 

tst tradesmen sometimes defhtad those with whom they deal ? How may a balance 
be proved ? How may the trae weight of a body bo determined with a folso balance f 
What is this procOHS called? 20T. When will bodies of unequal weight snpported by 
the arms of a lever be in equilibrium ? Illustrate this with Fig. 91. 208. What is 
eonstnioted on this principle ? Describe the Steelyard, and the mode of weighing 
irith It How ave the proper distances for the notches found in the first place ? With 

5 
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the length of its beam, it is often provided with an additional hook, hanging 
in an opposite direction from the other hook and nearer the point from which 
the article to be weighed is suspended. When the instrument is supported 
by this hook, a new fulcrum is formed, and the weight is shown by a new 
row of notches adapted to it The greater the difference of length between 
the arms of a steelyard, the greater the number of pounds that it can weigh. 

209. When more than two bodies are supported on the 
arms of a lever, if the weight of each be multiplied by its 
distance from the fulcrum, the lever will be in equilibrium 
(that is, the bodies will balance each other) when the sums 
of the products on the two sides of the fulcrum are equaL 

Thus, in Fig. 98 equilibrium 



Fig. 9a. 



is maintained, because the prod- 



TTrrr'^'yy.vA'^v.-.v^.'.'.^.'.-^^j^j...^^^^ ucts of the wcights on one side 
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into their distances, added to- 
© (e) gether, equal the sum of the 

products on the other : — 

wnghts distances weights distances 

2X1=2 2X1 = 2 

8X2=6 6X8= 18. 

4 X 8 = 12 

Sum o/proditcts, 20 Sum of products, 20 

210. Practical Applicationa. — ^Familiar examples of 
levers of the first kind are found in the scissors and pincers ; 
the rivet connecting the two parts being the fulcrum, the 
fingers the power, and the thing to be cut or grasped the 
weight. A poker introduced between the bars of a grate 
and allowed to rest on one of them, that purchase may be 
obtained for stirring the fire, is a lever of the first kind. So 
is the handle of a common pump. 

Fig. 94 When children teeter on a board- 

balanced on a wooden horse, they use 
a lever of the first kind. According 
to the principles of the lever, if one is 
heavier than the other, to preserve the 
balance, be must sit nearer the fulcrum, as shown in Fig. 94. 




# 



what are some steelyards provided, and for what purpose ? What steelyards weigh 
the ^catcst number of pounds? 209. If more than two bodies are supported on the 
arms of a lever, when will they balance each other ? Apply this principle in Fig. 93. 
210. Give some &miliar examples of levers of the first kind. When children teeter 
on a board, what kind of lever do they use ? If one is heavier than the other, where 
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211. Jtimt Levers. — Sometimes the arms of a lever are 
beot, instead of straight. In that case the same principlea 
hold good, only that tlie arms of the lever are estimated. 
Dot hy their actual length, but by the iierpendicular dis- 
tance from the fulornm to the liiit; of direction iu which tlic 
power and weight respectively act. 

Aa a.a illastration of bent lerera of tho firat kind, F'e- ^ 

we may take tbe truck naed Tar moTing hesTj arti- 
cles, repreBeated iu Fig. 95. Tho aiia on which the 
wbeeU turn ropreseala tbo fiilcrum ; the weight in ap- 
plied nt W, and the poner nt P. The daned side of 
a hunmur, used iu drawiug out Diiits, is also a bflut 
lerer. Theiiied point on which (he hend Dfthchain- 
merreBls is the fulcrum; tbe ft'iction of tbe nail is 
tbo weight; and the pover ia applied at tlie extrcm- t 
lly of thehiindlu. 

212. Compound Levers. — Simple le- 
' vers of the first kind may he combined 

into Compound Levers. 

213. In compound levers, equilibrium is established when 
the power, multiplied by the firat arma of all the levers, is 
equal to the weight multiplied by the last arma of all the 
levers. 




Fig. 91 
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B6, which represenls a compound lever formed of three aim- 
ong arm of each lever bo three times the length of its short . 
id at P will balance aT ponnda at W, becanae 



214, Levers of the Seooxd Kind. — ^In levers of the 
I second kind, the relative position is 



riuui saCablliheil In 



> oompouna leror 



1. WliMlsni™itl.j«l«n[jByDr! llowu™ 

3I>B aoTUD Ikmiliiir onjudpi™ of bent loiors. 

.fcliiilhe enrobfnodT 318. Wlioii beijuriib- 

niiutnte mil with Fig. 8S, tit. to la 
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POWSR WUOBT rCTLCRUM OR FULCRUM WKIQBT POWER. 

Fi|^ 97. Fig- 97 ihowfl bow the crow-bar may 

be used as a leyer of the second kind. 
The power is applied at the handle ; the 
fulcrum is at the other end, and the 
weight to be moved is between them. 

215. Levers of the Becond 
kind, like those of the first, are 
used to gain power at the ex- 
pense of time. According to 
the law of the lever, stated in 
§ 203, the nearer the weight is to the fulcram the more 
power is gained, and consequently the greater is the space 
that P will have to pass through in moving W a given dis- 
tance. 

Thus, in Fig. 97, if the distance P F be five times as 
great as W F, a pressure of 10 pounds at P will counter- 
balance a weight of 60 pounds at W, and move any thing 
under 60 pounds ; while, for every inch that W is moved, 
P will have to move five inches in the same direction. 

216. PrcLctical Applications. — ^The 
common chipping-knife, used by apothe- 
caries, and represented in Fig. 98, is a 
fittniliar illustration of levers of the sec- 
ond kind. The knife is fastened at one 
end, F, which thus becomes the fulcrum ; the hand is ap- 
plied, as the power, at the other end, P ; and the substance 
to be cut is the resistance, or weight, between them. Nut- 
crackers and lemon-squeezers work on the same principle, 
and are levers of the second kind. 

A door turned on its hinges, and an oar used in rowing, 
are also examples of this kind of lever. In the former case, 
the hinge is the fulcrum ; the hand appUed at the knob is 
the power ; and the weight of the door, which may be re- 

of the Becond kind, what is the relative portion of the three important points ? How 
may the crow-bar be used as a lever of the second kind ? 215. How does the general 
law of the lever apply to levers of the second kind ? 01 ve an example. 216. What Ik- 
miliar articles are levers of the second kind f Show how ft door turned on its hinges is 



Fig. 98. 
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garded as concentrated in its centre of gravity Boracwhere 
between the two, is this resistaace. In tbe latter caae, the 
point at whi(!h the oar enters the water is tlie I'ulcrnm ; the 
rower's band is the power ; and the weight of tbe boat, 
acting at the row4ock, is the resiatance. According to the 
law liiid down in § 215, the further from the row-lock we 
graep the oar, the more easily we overcome the reaatauce 
and produce motion. 

217. TwopereonB OBTtying » weight suspended from agliEk bBtiroon thom, 
QBH IL doubiD IsTCr df UiB secoDil Iciod. Power ia apiiUed at encb (jdU, tuid 
each eud in turn becomes Uia fulanim la the other, the nei);ht resting on 
some inlermediale point. The nlatioD of Ibe power at ooe end to the weight 
is governed by the same law as that of the power &t tboothetend; and thuru- 
fore tbe weight, (o 1)0 dirided uqualtf, must be suspended from the middle of 
thesliefc. -- ■ ■ - - ■ 



Thus, let a 

(roia A imd Iw 
tno-thirds of I 



be other ia proportion as be is nean 
j-pouud weight, W, be suspended 
feet long, at a dislitnco of oDo foot 
feet from B. Then A will carrj 
e weight, and B one-third. 



@W 



this priueiple, wljea St is desired that one of the horses harnessed lo a 
riage should draw more than the other, it isncceasarj only to make the 
of the whiBte-trea to which hu is altacbed proponionally shorter. 

Fig. lOOsliows bow a weight may be equally p rig, jim 

difltribnted between ibree penrans. B^ being ~ 

wicd as fUr tiDmEaaDis, bears one- third of the 
raight, W; while A and C, at the eitremities 
[ of the oquat-iirmed leTer A D C, bear equal portious ot the i 
thirdsj or one-third each. 

218, Lkveks op thb Third Kind. — In lo- 
^■crs of the third kind, tbe relative position ia 

pnLCBCii rowKa n-aioni OB weight fowbr FOi-citru. 

The forceps, represeuted in Fig. 101, ia a terer of tlio 
I third kind. The two sidos unite at one end lo form tlie fiil- 

m; Ihetrticlo to be graaped is the weight; and the Uo- 
I gen, njiplifld between tbe two, constitute the power. 

219. Lovers of the third kind, unlike those 
ifore described, involve a mechanical dis,id- 
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vantage ; that is, to produce equilibrium, the power muse 
always be greater than the weight. 

Law. — According to the law of the lever, § 203, intent 
9ity of force is lost^ and time is gained^ in proportion as 
the distance from the weight to the fulcrum exceeds the 
distance from the power to the fulcrum. 

Thus, in Fig. 101, if FW be three times as great as FP, it will require a 
power of three pounds at P to counterbalance a resistance of one pound at 
W. Levers of this class, therefore, are never used when great power is re- 
quired, but on^ when a slight resistance is to be ^crcome with great ra- 
pidity. 

220. Practical Applications. — ^The sugar-tongs, which 
resembles in shape the forceps above described, is a familiar 
example of the third kind of lever. So is the fire-tongs ; 
and hence the difficulty of raising heavy pieces of coal with 
this instrument, particularly when the hand is applied near 
the rivet or fulcrum. 

The sheep-shears is another lever of the third kind, admirably adapted to 
the work it performs ; because the wool, being flexible, has to be cut rapidly, 
while it docs not require any great degree of force. 

A door becomes a lever of the third kind when one attempts to more it by 
pushing at the edge near the hinges. The mechanical disadvantage is shown 
by the great strength required to move it when the power is there applied. 
So, when a painter attempts to raise a ladder lying on the ground with its 
bottom against a wall, by lifting the top and walking under it grasping round 
after round in succession, he experiences great difficulty as he approaches 
the bottom, because the ladder, when he passes its centre of gravity, becomes 
a lever of the third kind. 

Fig, 102. ^^^ Nature uses levers of the 

third kind in the bones of 
animals. The fore-arm of a 
man, represented in Fig. 
102,will serv^e as an example. 




HITXAM AKM AKO HAND. 



Btick, 'which man will cany the more ? Illnstrate this with Fig. 99. IIow may onfl 
of the horses harnessed to a carriage bo made to draw more than the other ? H«^v 
may a weight be equally distributed between three persons ? 218. In levers of the 
third kind, what is the position of the three important points ? What instrument is 
an example of the third kind of lovers ? 219. To produce equilibrium in tlie third kind 
of levers, what is necessary? State the law for levers of tlio third kind. Illustrato 
this with Fig. 101. 220. What common articles are levers of the third kind ? What 
is said of the sheep-shears ? When does a door become a lever of the third kind ? 
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ThfiriilerQm,F,ia ml the elbow-Joint; tlie bioeps muscle, deseonding fiuru 
iliB upper pnrt of Uie arm and inserted oeoc the elbow at P, openiteB a& tha 
power; whUe the weight, W, rests od tbe Iiund. If the distance FW be 15 
imes as great mFP, it will take a power of 15 ponnds at P to couiilerbal- 
lacse one pound at W ; and vlien (he arm ia eileuded, the disadviintagc is 
Btill greater, in consequeaee of the uiuacie'a not acting perpendiculailj to the 
Iwne, but obliquely. 

icoiiuls for the dilBoHlty of holding out a hcavj weight at arni'i 

length. In proporljou as power is lost, however, qnickneaa of motion ia 

guned; ik very alight contraction of the Diusclo mores the hand through n 

iparatirelj large apace with great rapiditj. Here, as in all tba workjj of 

creation, tho wisdom of Proridence is ahown in exactly adapting tbe part Id 

the purpose for which it is designed. With so many eitcmal agents at his 

mand, man does not need Boy great Btrengtlj of his own ; quickness of 

ion is much more neceesarj to bim, and this the structare of his arm 

The Wheel and Axle. 

221. The Wheel and Axle ia the Bccoticl of the simple 
mechanical powers. It tonsiets of a WTieol attached to a 
cylinder, or Axie, ia auuh a way that when set in motion 
they revolre around the same axia, 

222. In the simplest form of the wheel and axle, the 
power is applied to a rope paasmg round the wheel, while 
the weight ia attached to another p,^ j^ 

J'ope paaaiig round the axle. 

This form of the macliiueia showDiD Fig. 103. 

} in a G-ame ; B is the wheel ] A is the nile, 
attocbed to tiie frame at its extremities E and F 
li; gudgeons, or iron piue, on which it turns. I' 
It tbu power, and W is the weigbt i 

223. The wlieel and axle ia simply 
revolving lever of the first kind. 

apphcation of tho lever can not 
oove a body any great distance ; but, 
ly raeana of the wheel and axle, the 
iction of the lever ia continnod unin- 
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104 UECDAKICa. 

tcmiptcdiy. This machino haa thcrGfore boca called tha 

perjtetuid or endless lever, 

time. In each rcrolulion, a length of rojio equal lo the nbcerB drcunillT- 
cnce U pulled donn rroni the wheel, while onlj aa much rope ta wound niund 
the nilu ua a equal (o the uilv's circuuirerence. Tliere ia. tbcreforc, a loss 
of lime, greater or leas according ua the circumferauce of llie wheel exceeds 
that of the aile ; but, b; the law of Mechanics already stated, there muat bo 
a. eorrespondiog gain of power. 

Viewing the wheel and aile as a lever of the first kind, we have the cir- 
cumference of the wheel Ibr the leng arm, and that of the axle for the abort 
arm. If the diameters of the wheel and the aile ore pven iuslimd of their 
circumferences, the; laay he takta fur the two armsj and so with the radii, 
if they are given. In practice, an allowance of 10 per ccdL of the wcigfat 
■nuat be made for the stiOhcsa of the ropea and tlie rriclion of tlie gudgeoaa. 
— From these principles is deduced the followiug law : — 

225, Law of the Wheel asd Axrj^ — Wilh t/te tckeel 
and ade, intensity of force is gained, and time is lost, in 
prc^mrtion as the circumference of tfie wfieel exceeds that of 
the axle. 

Thus, in Fig, 103, if the circumference of the wheel G is Sre feet and flut 
of the uilc A one foot, a power of 40 pounds at P will counterbalance a weight 
of EOO pounds at W, and of course lift aay thing noder 300 pounds. 

22C. Different Fokms.— ^The wheel and axle is exten- 
Bivoly used, and assumes a variety of forma, 

natead of having a rope attached to it, thr 

el IB often provided with projecting pins, ea 

ra in Fig. 104, lo which the hand U direoUy 

applied. This fbrm of the machine is used in 

e pilot-houses of steamboats for moving the 

'u caloolatiDg the advantage in this 

3, Instead of the circumferenoe of the wheel 

we muat take the eircnmfercDce of the eirel« 

described by the point to which the band is ap- 

A still more common form, much used in drawing water from wells and 
loaded buckets from mines, is shown in Pig. lOo. Instead of a wheel, wa 

trate this with Fig. 103. VSO. What has the wheel and axle been railed, ami why' 
S2I. £it>bin the operation of tlm wheel and axle, Bar] show bow jnviit the lius of tima 
and gain of power will be. Viewing the wheel and a^itu as a lov.r, what ie the Lmj 
inn? Whsllsthe«hortBnnJ ■Wb«t,bealde8 the ein;unifiironge."mn)- be taken m 
the amis of tlie levari What allawance mait be made iBprscltco) 225, state the law 
of the wheel and axle. Illaatrata Ihla law with Fig. VO. S!8. Daacrlbs the form ol 






22V. The Capatat 



CAPSTAN AND WINDLASS. 

have bcre a Wineh, or himdle, attached to the axle. 
In lliia cose, M cbIcdIuIc tfae adyaatage geiaed, we 
must eiioipare Ihe circle described hy (lis eitrDm- 
ily of the liandle (shown in the Figure by a dotted 
line) Willi tho circumfereiice uf Uic axle. 

Fig. IM. J^'g- 10* allows a 

.----.... Uiird form of the 

.■' ■"'-, wheel &nd axle. , 

l Ilera the axle A is 
TerUcol, iastood of horiiontal. A bar insert- 
ed Id its head, at the citretaity of tvhiuh the 
band is applied, takes the place of the wheel. 
If thd oircumfcrence of A is S (bet and tbe 
circle deaeribed by P ja 12 fret, a power Of 1 
pound at P will counterbalance k irtig^t o[ 1 
pounda at W. 
— ^The Capstsn (see Fig. lo7) is a fit 
miliar example of this form of the wheel and axle. It la 
used by sailors for warping veBaels up to a pig. mj, 
dock, raising anchors, &e. ; and coDsists of a 
e pieijp (jf timber, round which a rope. 
passes. Thiols awrmoanted by a circular head, 
perforated wifli toles, into which, when the in- 
strunictt is ^o "be used, strong bars, called ™' o*"*^"- 
/landepikes, are inserted. Several men may work at each 
handspike, puahiiig it before them as they walk round the 
capstan. The handspikes act on the principle of the lever. 
The longer they are, therefore, the more easily the r 
overcome the resistance, but the further they have to walk 
a doing it. 

229. 77ie Windlass. — This is a similar form of the wheel 
and asle, used on shipboard for various purposes. 

Tbe windlass is doL rcrtieol, litic the capstan, but horizontal or parallol 
tlie deck. It is a ronnd piece uf timber, supported at each end, and pcr- 
IbrUfld with rows of boles. Pushing against handspikes inserted in Ibeso 



1 





™n- 


t«ce In tills CBK, nhiLt must we iinlsU tute Ibr the DlrcuinftinMirw oT the wheel t 




BETlba Ibe fi»iu of Che maahloo need In drawing water braa welliL Sow l> tl 


ImU 






UhlbKcl In Flj. lOS. W7. What machloe l> a bulllor eiamplu of this third 


orm* 


ForwhMialhoCwslMinwdf Ofwhnt does iteooalrtf How is It worked ( E 






«!.- 




106 



MECUANICS, 



holes, the boatmen turn the barrel of the windlass halfway over. It is hdd 
there by a suitable apparatus, till the handspikes are removed and put in a 
new row of holes, when the process is repeated. The windlass acts on the 
same principle as the capstan, but is less convenient, on account of the man- 
ner in which the force is applied, and the necessity of removing the hand- 
spikes to new holes from time to time. 

229. Wheels enter largely into machinery. The modes 
of connecting them will be considered hereafter. 

Tlie Pulley. 

280. The Pulley is the third of the simple mechanical 



Fig. 108. 




THB PULLEY. 



powers. It consists of a wheel with a 
grooved circumference, over which a rope 
passes, and an axis or pin, round which 
the wheel may be made to turn. The 
ends of the axis are fixed in a frame 
called a block. 

Fig. 108 gives a view of the pulley. A represents 
the block, B the axis, and C the wheel. Round the 
groove in the wheel passes a rope, at one end of 
which the power acts, while the weight is attached 
to the other. 

231. Kinds of Pulley. — ^Pulleys are of two kinds, — 
Fixed and Movable. 

232. Mited FuUeys.—A Fixed Pulley is 
one that has a fixed block. 

Fig. 109 represents a fixed pulley. The block is at- 
tached to a projecting beam. P is the power, and W the 
weight. For every inch that P descends, W ascends the 
same distance. There is, therefore, no loss of time, and no 
gain in intensity of force. One pound at P will just coun- 
terbalance one pound at W. 

233. In this rule, as well as all the others pertaining 
to the Mechanical Powers, it must be remembered that 
friction is not taken into account. In the case of the pul- 
ley, in consequence of the stiflfncss of the rope and the 
friction of the pin, an allowance of 20 per cent, of the 
weight, and often more, must be made in practice. 



Fig. 109. 




FIXED PULLET. 



Btan? Howdocsthe Windlass differ from the capstan? Of what does the windlass 
consist? How is it worked? What makes it less convenient than the capstan? 
239. What is said of wheels ? 280. What is the third simple mechanical power ? Of 
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234. Though no power is gained with the fixed pulley, 
it la frequently used to change tlie direction of motion. 
Tho sailor, instead of climbing the maat to hoist his sails, 
stands on deuk^ and by pulling on a rope attacjied to a 
pTilley raises them with &.r less difficulty. With eqvuil ad- 
vantage the builder uses a fixed pulley in raising huge 
blocks of stone or marble, and the porter in hoist- 
ing heavy boxes to the lofts of a warehouse. ■, 

235. With two fixed pulleys, horizontal motion 
may be changed into vertical ; horses are thus e 
abied to 'hoist weights, as shown in Fig. 84. 

238. Fig. 110 shows how a person may rai 
himself from the ground, or let himself down from 
a height, by means of a fixed pulley. In lofty 
buildings an apparatus of this kind is sometimes 
rigged near a window, to furnish means of esc 
in eaae of fire. 

237. i!fooaJ&Pwffe!/s.— A Movable Pulley 
is one that has a movable block. 

Fig. Ill repreiwDtB a movable pulley. A is Uie wheel. 
One end of the ropa Is foatened to u support ut D, wliilu 
tlie power is applied to tlin other al P. 

^8. To miaa the weight « given diEtunce with the 
le pnllej, the band mn*l he raised twice that dia- 
tuice. Time, therefore, hcing lost in the 
propoKiuD of 2 to 1, (he iateasity orthe 
Ibree in dunbled. A poner of one pound 
b1 P will counlerbalanoe two pounds at 
Wj audrai^ gmythlDg under two pounds- 

239. A movable pulley is 
seldom used alono. It is gen- ""''■*''" ""■"■"• 
erally combined with a fixed pulley, as shown 

Fig. 112. No additional power ia thus 
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Fig. 118. gained ; on the contrary, there is a loss, the 
friction of two pulleys being double that of one. 
But this loss is more than counterbalanced by 
the greater convenience of pulling downward. 

240. "WTien a high degree of force is required, several mov- 
able and fixed pulleys may be combiued, as represented in 
Fig. 113. A and B are fixed pulleys ; C and I) are movable 
ones, from- the block of which the weight W is .suspended. 
One end of the rope is attached to the lower extremity of the 
fixed block, F ; to the other end the power is applied, after the 
rope has passed in succession over each of the four pulleys. 
A'K C'^B To move W an inch with this combint^ion, each- length of 

rope must be shortened an inch, and therefore P must move 
as many inches as there are lengths of rope. Since there are 
two lengths of rope for each movable pulley, we may lay down 
the following law : — 

241. Ztaw of Movable PvMeys, — With mov^ 
able puUeys^ a power will balance a weight as many times 
greater than itself as twice the number ofm^ovahle pulleys 
employed. 

In Fig. 113, a power of 1 pound will balance a weight of 4 pounds. If 
Ihrec movable pulleys were used, 1 pound at P would b^ance 6 pounds at W ; 
if four were used, 8 pounds, &c. Friction, however, nullifies much of this 
gain. 

242. White's Pulley, — ^To lessen the friction, when a 
number of pulleys are required, the wheels are made to 
turn on the same axis. This is effected by having but one 
block for all the upper pulleys, and one for the lower ; 
grooves being cut in each, to take the place of separate 
wheels. The friction in each block is thus reduced to that 
of a single wheel. This system is called, from its inventor. 
White's Pulley* 

Fig. 114 giv^a front and a side view of White's Pulley. A is the fixed 



show ? For what Is an apparatus of this kind sometimes used ? 237. What is a Mov- 
able Pulley? Describe it with Fig. 111. 288. To move a weight a given distance 
with a movable pulley, how far must the power travel ? What, then, is the law of 
this machine? 239. With what is a movable pulley generally combined? What is 
gained by this combination ? 240. Describe the combination of movable and fixed pul- 
leys represented In Fig. 118. 241. What is the law of movable pulleys? Apply this 
law in the case of the pulley represented in Fig. 113. By what is much of this gain 
nullified ? 242. When a number of pulleys are required, how is the fHction lessened ? 
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block, vitb graoToa ordiOeraDt siiea [epnsenti 

tho morabla block, aimilarly prapnrad. A single ropo ts used, wliioU h 

tal...d .1 om ,.d lo lb, .„dl„l H..d 

pulley, and acted on by the power itt tlia 

other. Here Hgaio, if friction is leR out ol 

accouul, tbe power will CDUuterbntnoco ■ 

uvigbt u manj limes greater thui itself as 

lirice the number of movable putlcjH. In 

Vig. Hi there are Bii moTuble pulleya; 

consequeutly, with a pressure of 1 pound 

at P, equilibrium will ba catabliahed when 

W U twice six, or 12, ponnda. 

243. Fig. 115 shows another 
system of movable pulleys, eaah 
of which haa a separate rope of 
its own attached at one end to a 
fised support. 

Pig. lit To raiBO the low- 

estpulley, A, and the 
weight mapeadod 
Ihim it Doe inch, tnro 
iucbcs or its rope 
must be puUed up. 
This ia done by pull- 
ing up twice a, or 4, inches of B's rope : aud this, iu 
tuPii, by pulling up twice *, or S, inches of 0'» mpe- 
P A 5^ P, Ihcrefbre, must descend 9 inches, to nuao W oneuich. 

j^ ^^ If there werelburmnvablopDllejs, P would have to da- 

^f suend 18 inches to raisoW Duoinch; if 6,82 inches, and 

so un, — P's diataaoo doubling for each new pulley add- 
ed. Hence, with this combiunlion, tAaptucer balaiKV a 
weight ai inan^ Umti j/rsaterOian Um^ tu trailed la Ikt 
povrer dtnottd hf thiimnther (if mmiAU ptB«yt. 

244. The pnHey la bo cheap and conve- 
nient that it ia much used la its simple forms. lo com- 
plicated systems, more than half the advantage is lost by 
friction and the stiflhess of the ropes ; and oonscqaently 
such syateraa are used only when immense weights are to 
be raised. 





Wwt puiii-r ii coi 
TMlo'iiPnllej.wliJi 
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iiDt«d OD this principlBr Dusrlbe Whlte'n Talky. WU 
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ipenitlon. What it tlw gain with ttila sjistcm I M4. Wbnt 
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The Imclimed Plane. 

245. The Inclined Phuie is the fourth of the simple me- 
chanical powers. It is a plane surfiice, inclined to the ho- 
rizon at any angle. Every road not perfectly level is an 
inclined plane. 

Fig. 116. A D, in Fig. 116, is an inclined plan^ 

of which AC is the length, AB thi 
height, and B C tlie base. In theory, 
an inclined plane is perfectly smooth 
and hard. No such surface, however, 
exists; and, therefore, in estimating 
TUE iMOLiNEo PLANE. the advantage of this machine for prac- 

tical purposes, allowance must be made for friction, according to the irregu- 
larity or softness of the surface. 

24C. When a body is moved over a horizontal surface, its weight is sup- 
ported, and the resistance of the air and friction are all tliat have to be over- 
come. When a body is lifted perpendicularly, there is no friction, but we 
must overcome the whole weight and the resistance of the air. When a body 
Is drawn up an inclined plane, the resistance of the air, friction, and a por- 
tion of the weiglit must be overcome, — more or less of the weight being sup- 
ported, according to the inclination of the plane. It is, therefore, harder to 
inuvo a body up au inclined plane than over a level surface, as we know 
by drugging a wagon up hill ; but it is easier than to lift it to the same 
heiglit. 

247. Law, — Wfien the power acU parallel to the inclined 
surface^ intensity of force is gainedy and time is lost^ in 
proportio7i as the length of the plane exceeds its height. 

Thus, in Fig. 117, let the length of 
the plane A B be 12 feet, and its height 
4 feet ; then 1 pound at P will counter- 
balance 8 pounds at W. 
rtl ~ ^***^^^*^^^*^^^C:>->^ With a given height, the longer the 

^^ •" '^■^<:::3 — plane the easier it is to raise an object 

upon it. Hence, on steep mountains, 
the road is not carried from the bottom 



Fig. 117. 




laid of the pulloy in its simple forms? Wliat is said of complicated systems of pul- 
leys ? 245. What is the fourth simple mechanical powers What is the Inclined Plane? 
For what mcst allowance bo made, in estimating the advantage of the inclined plane, 
an<l why ? 246. As regards the resistance to be overcome, show the difference be- 
tween moving a body over a horizontal sur&ce, lifting it, and drawing it up an in- 
clined plane. 247. What is the law of the inclined plane? Illustrate this law with 
Fig. 117. llow is the road up a steep mountain frequently made, and why? How 
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Is roimd Uie sidea. Instinct teacher u horse lliis 

i»elf in aacending a hill, he does not go atniight 

w from oue side or the niBd to the other, Ihua. 



- flirectlf to the lop, but wii 
■ luiple; for, if left lo biji 
up. but morea in i ilgzsg ct 
taking rnore time, but malting tbo ascuut easier. 

ii48. Practical Aj^tications. — When hogsheads or 
heavy boxes are to be raised into carts or pulled up a. flight 
of stairs, the work is facilitated by laying long planks, or 
akids, in sacli a way as to form an incliued plane. A piece 
of board is similarly placed, if a can'iage or wheelbarrow 
has to be raised over a liigh eurb-stone. — ^The marine rail- 
way, on which ships of immense weight aro drawn out of 
the water, to be repiured, ia one of the most useful appli- 
cations of this machine, 

249. The inclined plane was inown to the ancients. It 
is supposed that the Egyptians used it in raising the huge 
blocks of stone employed in the construction of tlieir pyra- 
mids. 

250. Ijaw ofSodlea roUing down an Inclined PlaTie, — 
When bodies are allowed to roll down an inoUiied plane, 
they have a uniformly accelerated motion, and attain the 

le velocity by the time they reach the bottom that they 
would have if dropped perpendicularly from the starting 
IJoint. 

A boll dropped Crom t beighl of 61'/s ^t) i^hea it strikes the ground, baa 
a vulovit; of ti4'/, fbot in a aecDud. If it ncra i^ionod to ruli frum the sHme 
haigbt, down an inclined snrfhce a mite long, perfootl; amootli and ban), it 
ivould bate the uuno velocity on reaching tbe bottom. The shorter the plane, 

leas time it would take tbr its deaceat and the aoonar it wonld acquire tbe 
velocity in quoadim. 

351. Wben the parpeDdicolar height is cousiderabto, objccla roiling or 
' eliding down an inniined plane acquire, near tbe bottom, a prodlgioua velooi- 
tj. A reinarhable itistaiice of tbinvtoa exihibitudutatilirloiienr Lake Lucerne, 
Bniticri&ud, down Mrhich fir-trees were allowed to deaccnd, from the lap Ol a 
monnt^n. Tbe slide was abent eight miles long ; and, Ihoogb the deticent wu 
but SOO feet to n mile aoii the road was often oirouitoua, tbo trees went tearing 

ig with frightful speed, perfurming th-e whole distance in sii minutes. 
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vantage ; that is, to produce pquilibrium, tlie power imisc 
always be greater tdau the weight. 

Law. — According to the law of the lever, § 203, inttrb- 
sity of force is lost, and time is gained, in proportion as 
the distance from the weight to the fulcrum exceeds the 
distance from the power to the fulcrum. 

Thus, in Fig. 101, if FW be three times KS groat aa PP, it will reqniro » 
power uf three pounds at P to counlorbnlaQce a resiatance of oae pound at 
W. Levera of tliis class, therefore, are never used when groat power is re- 
quired, but oulj' when a sligiit reaistauce is to be itrcrcome with great ra- 

220. Fractical Applicatioris. — The sugar-tongs, which 
resembles in shape the forcepa above described, is a familiar 
example of the third kind of lever. So is the firc-tongs ; 
and lience the difficulty of raising heavy pieces of coal with 
this instrument, particularly when the hand is apphed near 
tlie livet or fulcrum. 

The sheep-shears is another lever of tbe third kind, admirably adapted to 
the work it performs ; because the wool, being flexible, has to be cut rapidly, 
while it does aot require any great degree of force. 

A door hecomes a IcTBr of the third kind when one attempts to more it by 
pushing at the edge near the hinges. The meehaoical disadvantage is shown 
by tlie great strength required to move it when the power is there applied. 
So, when a painter attempts to raise a ladder lying OQ the ground with ila 
bottom against a wall, by lifting the top and walking under it grasping round 
after ronod in Buceeseion, he esperiencea great difficulty as he approaches 
the bottom, because tlie ladder, when he passes its centre of gravity, becomes 
a lever of the third kind. 

Fig.ioa ^^ Nature uses levers of the 

' third kind in the bones of 

animals. The fore-arm of a 

man, represented in Fig, 

102,will serve as an example. 
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The fulcmm.F, is Btthe elbaiT-Joitit; tbs biceps maxcle, descending from 
thenpper part of the arm md to^ertt^ near the elbow U P, operntea aa tha 
power ; while Ihe weight, W, rests on the hand. If ihe distsoce F W be 15 
times as great as F P, il will take a power of 15 pounds at P to counterbal- 
aace one poaud at W ; and when the arm is eitcuiled, Ihe disadcontage 'a 
atill gnsater, in coDseqaence of the muscle's nul acting perpendiculorlj to Ibe 
bone, but obliquely. 

This accounts for the diiScullj of holding out a heavy weight at ann'^ 
length. In proportioQ as power is lost, however, quickness of moliou is 
gaioed ; a very alight contraction of the muscle mores the bimd through a 
comparatitely large space with great rapidity. Here, as in all the works of 
creation, the wisdom of Providence is shown in exactly adapting the part lo 
tbe purpose for which it is designed. With so many external ageuta at his 
command, man does Dot need any great strength of his owu ; quickness of 
motion is much more necessary to him, and this the structure of his arm 

The Wheel and Axle. 

221. The Wheel and Axle is the second of the simple 
mechanical powers. It consiets of a Wheel attached to a 
cylinder, or Axle, in such a way that when set in motion 
they reyolTC around the same axis. 

222. In the simplest form of the wheel and axle, the 
power ia applied to a rope passmg roQiid the M'hoel, while 
the weight ia attached to another p^,, ,1^, 

rope passing round the axle. | 

This form of the machine is shown in Fig. 10-3. 
C D is a frame ; B is the wheel ; A is the ailc, 
attached to the fhune at its extremities E and F 
by gudgeons, or iron pins, on which it turns. P 
ii the power, and W is the weighL 

223. The wheel and axle ia simply 
a revolving lever of the first kind. 
One application of the lover can not 
move a body any great distance ; but, 
by means of the wheel and axle, the 
action of the lover ia continued unin- 
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Fig. iia 



The Wedge. 

252. The Wedge is the fifth of the simple mechanical 
powers. It appears in two forms, according to the use for 
which it is designed. 

253. FiKST Kind op Wedge. — ^In its first form, the 
wedge is simply a solid and movable inclined plane, used 
for raising great weights a short distance. T?ie power 
(acting parallel to the base, instead of the inclined surface) 
cou7iterbalance8 a weight as many times greater than itself 
(zs the height of the wedge is contained in its base. 

Fig. 118 shows how the wedge maj be used 
for raising weights. W D is a pillar, so fixed 
that it can not move, except perpendicularly 
upward. A B is a wedge resting on its base. 
The sharp edge being brought near the ex- 
tremity of the pillar, power is applied to the 
side B C. W must rise, as it can not moye in 
any other direction. By driving the wedge 
under to C, the pillar is raised the distance 
BC. 

A more common mode of raising bodies 
with this machine is shown in Fig. 119. A and 
B are similar wedges. Simultaneous blows 
are given them at A and B in opposite direc- 
tions with heavy mallets, and the weight W is 
slowly raised. The same power must be ap- 
plied to each as if it acted alone. Twice as 
much power, therefore, is required as when 
but one wedge is used, but the weight is raised twice as high in a given time. 
254. Thus applied, the wedge is an efficient and useful machine. It raises 
immense weights, though to no great distance. With its aid, ships are 
brought up on the dry dock, and houses thrown out of line by the sinking of 
their foundations are restored to the perpendicular. Wedges are also used 
in extracting oil from seeds. The seeds are placed between immovable tim- 
bers, in bags that allow the liquid, as it is pressed out, to ooze through. Be- 
tween the bags are then inserted wedges, which are gradually driven in. So 
intense is their pressure that every particle of oil is extracted, and the seeds, 
when taken out, are found mashed together, into a dense solid mass. 




Fig. 119. 




What instance of this is mentioned t 252. What is the fifth mechanical power ? In 
bow many forms does the wedge appear ? 253. Describe the first kind of wedge. 
For what is it used ? What law does it follow ? Describe the operation of this sort 
of wedge with Fig. 118. What is the more common mode of raising bodies with this 
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258. Second Kind op Wedge. — ^The second kind of ' 
wedge {see Fig. 120) has the shape of two inclined planes . 
united at their bases. It is used for 
splitting timber and rending rocka 
in quarries. 

;ome by the wedge, when 
thoa used, ia the cohesion of the sabstuice to be 
split. As long as the wedge ia merely pressed ''"" ""■ot 

. this BubstsDce, little or nothiog is eRected; but, when dritie^ invrith 
I bccDDiea a, bighly uBefiil iDatmmont. When once (breed in, it is 
prewnted from receding by the IHcdon of the wood against its sides, Thog 
erery blow bogina to lut whore the preceding blow left oS acting. 

25^. Adoantage gained. — The exact advantage gained , 
by t]ii8«ort of wedge when driven ia by blows, can not be i 
computed. The percussion givea such a shock to the pai^ I 
tides thiit they open a little in advance of the wedge, as ] 
shown in Fig. 120, and readily allow it to enter. 

The only law we can lay down is this : — With a given 
t/iiekiiess, tJie longer a wedge is, the more easily it pene- 

268. ^m^iar Applications. — Knife Mid razor blades, 
the heads of axes and hatohets, nails, and all cutting in- 
strumcntB ohamfered on both aides, are examples of this 
kind of wedge. Pins and needles may be looked upon as 
wedges with an infinite number of sides. In all these, iJio 
longer the instrument in proportion to its thickness, the 
greater the advantage gained. 

SSe. Id Beoking to inoreuse the adrantsge of the wedge by lengthening it, 
care mnat be tskon not to make it too long, i slendec kml will answer loc 

maehllM? Whntlaaalil of the powerln this case! Mi. For wbot to the flnl Unit nf 
wffitcn utedl Dnicrllw the mndc of sitnotio^JulHi team toeili, IMS. Wlmtluoli 
w-a euiDplis of Ibli kind of wedge 1 On what doa Ilia eiw wUh whioh they oVD> 
enmetlioresliilanco depend I SM. Deiorlbs tlie ucond kind oT wedge. For wlinlli 
UtUDdr WlutaDrtorpowermiutbeapptl»It<itbewedge,whgnlbiiBnBBdf Whnt 
wndge (rum moedlngF SAT. Whnt l> Kdd of the adinntnge gnlnsd by 
thtwcdgul Whit<Bthoonly]an'I1iateinhiol>iiadiiwntbrthlsni«:ta1ne> SAa, Mitn- 
~ ~ Jea of t&e UHiadkJndofweilse. KW. In Uio cue of tUs 
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soft substoDCcs, but not for hard. A carpenter's chiael, for instance, whose 
chamfered edges make an angle of 80 degrees, would soon break if used on 
iron. When this metal is to be cut, the edges should make an angle of 60 
degrees, and for copper at least 80. 



The Screur* 

260. The screw is the sixth and last of the simple me* 
ehanical powers. It consists of a cylinder with a spiral 
ridge and groove winding alternately round it in 
parallel curves. The portions of the ridge passing 
successively from one side of the cylinder to the 
other are called the Threads of the screw. 

Fig. 121 represents a screw. If we could unwind the threads 
from the cylinder, commencing at the end A, we should have a 
continuous wedge. The back of this wedge is applied to the cyl- 
inder; and on its thickness depends the distance between the 
threads of the screw. • 

261. Kinds op Screw. — Screws are of two 
kinds : — 

1. The Exterior or Convex Screw, represented in Fig. 

121, in which the ridge and groove are on the out- 
side of the cylinder. 

2. The Interior or Concave Screw, in which the ridge 

and groove are on what may be regarded as the 
inside surface of a cylinder. 

These two forms are used together, and are generally 
called the Screw and the Nut. Every screw must have a 
nut grooved in such a way as to receive its ridge. 

262. Advantage gained. — ^The power is applied at the 
head of the screw. The resistance is to be overcome by 
pressure produced at its other end. Every time the screw 
is turned once round in the nut, it advances as far as the 
distance between two of its threads, and compresses to that 

wedge, what must be avoided ? What diflterence is there between a carpenter's chisel 
and one suitable for iron and copper? 260. What is the sixth mechanical power? 
Of what does the Screw consist ? What is meant by the Threads of the screw ? M 
we could unwind the threads from the cylinder, what would they form ? 261. How 
many kinds of screws are there ? Name and describe each. Uow are these two forms 
uf the screw used, and what are they generally called ? 202. With the screw, how 
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extent any fixed object against which it is directed. With 
i/ie acretD^ therefore, the power produces apresaure as mani/ 
times greater than itself, as the circumference of t/te head 
is greater than the distance betioeen the threads. 

Hen, again, liuwevcr, tHction lesaeas tlie e!- Ylg. 123. . 

fcot; and, lo gain grenlHr power, a. lever ia gea- 
eiall; combined with the screw. Tlie mode of 
doing thU ia shown in Fig. 122, in which S is 
and L the lever. 

In calculating th'' advuitngs in this case, in- 
stead itf tbe ciroiimferpnce of the heidlaJie the 
circle deacribed bf the point of the lever at which 
llie lisnd is applied, la Fig. 122, let Ibi 
between the threads be 1 inch and the liutlud 
circle 100 inches; then (friction being left out 
of acconnl) a power ofl pound at the eitreniity 
of the lever will produce aprcaaureof lOOpoonda 
ut the lower end of the screw. 

263. BooK-BDJDEK'a Press. 
— ^The Book-bin Jer'aPreBS, rep- 
resented in Fig. 123, exhibits 
one of the most naelul and con- 
venient modes of applying the 
screw. 

SS is ascrew, plajing in a atatioo- 
trj not in tbo head of the press. At- 
tached to the screw avti ita bottom are 
two bars at right aiiglcB lo each olhei 




applied when the press ia lo be worked. 
Still greater leverago is oblaioecl hy ap- 
plying the power at the end of abor, P, 
introdaoed BQCCOSsively into boles in the 
extremities of the croas-pieees, aa in 
working the windlaas. A fall or platen, 
B B, ia Btlachad to the screw, in such a 
way that it does not turn aa the screw ravolven, hut must rise Or deaoend with 
il. Between this fall and the hedof tlio prBBs,D, the hooka to be pi-eaacd are 
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placed. Here again, to obtain the advantage, diyide the circumference of tho 
circle described bj P, bj the distance between the threads. 

264. Screws, applied in this or some similar way, are 
extensively used when a great and continued pressure is 
required witliin a small space. Cotton is compressed into 
bales, juices are extracted from fruit, coins are stamped, 
and houses are raised from their foundations, with the aid 
of the screw. 

265. Hunter's Screw. — ^When intense pressure is re- 
quired, the threads of the screw have to be so close to- 
gether that they are necessarily thin and liable to break. 
To prevent this, an ingenious contrivance, called after its 
inventor Hunter's Screw, is used. 

Hunter's Screw consists of two screws, working one 
within the other, in such a way that as the larger descends 
the smaller ascends, though not quite so far. The differ- 
ence between the respective distances of the threads in the 
two screws determines how far on the whole the screw ad- 
vances. With Hunter's Screw, therefore, the power pro- 
duces a pressure as many times greater than itself as thj^ 



Fig. 124. 
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difference between the respective 
distances of the threads in the two 
screws is contained in the circle 
described by the power. 

A is the larger screw, B W the smaller 
one. C D is the lever by which it is worked, 
and E F the stationary nut The pressure 
is produced at W. If the threads of the 
larger screw are 1 inch apart, and those of 
the smaller s/4 of an inch, the difiference is 
V4 of an inch. Then, if the extremities of the 
lever describe a circle of 100 inches, the ad- 
vantage will be equal to 100 divided by V^* 
or 400 ; that is, a power of 1 pound applied 



at either end of the lever will produce a pressure of 400 pounds at W. 



the advantage gained by thla machine to be calculated ? 264. For what purposes are 
screws used? 265. When great pressure is required, what difficulty attends the hm 
of the screw ? To remedy this, what ingenious contrivance is used ? Desorlbe Hun- 
ter's Screw. With this screw, how great a pressure docs a given power produce? 
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By maldDg the threads of the tv/o wrcna nenrl; the name diatBoue apart, 
n imiaeQee pnwer is oblumud without diDtiniahiag the size niid strength of 
I the threada. The HCtioi] of the Hcre^ is of courae proportitmallj slow, time 
ing alwaya loal as power ia gninEd, 

266. Ti£E Endless ScitE\p. — ^Instead of working in a 
[ not, a screw is sometiiuea inude to act on teeth cut in the 

circumference of a wheel. In thia ^ij. lia 

' case, the only motion of the screw 

js round its axis. The winch being ^ - 

tamed, tho threads of the screw 

catch the teeth of the wheel and 

move it forward. As fiiat as one 

tooth passes out of reach, another 

ia canght ; and, the motion being . 

thus continuous, the machine la J 

called the Endless Screw. Its op- P|i! 

eration will be understood fioni llllillil 

Fig. 125, where it is combined tee enui.f^ bobkw. 

with a wheel and axle for the purpose of lifting a weight. 
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I. (,S/e%S0i.) A lerer of the first kind is SO incbes in len^h; I he long u 
ia lli incIieB; the ahortann. S. Hair great a pover will biilunce a wtdifUl 
of 112 pODDds? With the some Icrer, hoir great a weight will RlMlret 
of 51) pouDda balance T 

ti A farmer, ia forcing a atump from the ground, uses a oroir-bwflfiut Ictig, 
which ho resta ou a stone Sve feet from the end where Us hand is ap- ^ 
plied. The reaistanco of tbo stump is equal to anaight of 500 pounib; 
bow great a proaaure mnstbe exert, to move it? 

I. A nian weighing ISO pounds, and a hoj of GO puunda, are teetering on a 
board IS 6mI long. That the; ma; balance each other, how neat mnst 
the mat) sit to the horse on which the baaii rests ? 

t. A maa whose streoglh enables bim to aee a pressure oflW pounds, wishes 
lumoTearoak weighing 600 poandan-ith a lerer of the Brstldod. What 
re length ot 
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5. {See § 207.) The short arm of a steelyard is 2 inches long ; at its end a lO' 

pound weight is suspended. How great a weight must be attached to 
the other end to balance it, the length of the steelyard being one foot f 

6. {See § 213.) There is a compound lever formed of two simple ones, the first 

arms of which arc 10 inches each, and the short arms 2 inches each. How 
great a weight at tlie extremity of the last short arm will be supported 
by a power of 1 pound at the other end ? 

7. {See § 215.) A lever of the second kind is 20 inches long ; the weight is 5 

inches from the fulcrum. How great a power must be applied, to balance 
a weight of 112 pounds ? 

8. With the same lever as in the last sum, how great a weight will a power 

of 50 pounds balance f 

9. A is rowing with an oar 9 feet long, and has his row-^ock 2 feet firom his 

hand ; B rows with an eight-foot oar, and his row-lock is 1 foot from his 
hand. If they strike the water with an equal length of oar, which ex- 
erts the greater power on the boat? ■ 

10. {See § 217.) A man and a boy, at Opposite ends of a bar 5 feet long, are 
carrying a 150-pound weight suspended between them. The boy can 
carry but 80 pounds ; how far from his end must the weight hang, to 
give him that portion of it, and the man the rest ? 

11. Three men are bearing a weight suspended from a bar in the manner shown 
in Fig. 100. The single man at one end is twice as strong as each of the 
two at the other end. How must the weight be placed (the bar being 4 
feet long), that each may bear a part proportioned to his strength? 

12. (iS^ §219.) A lever of the third kind is 20 inches long; the power is 5 
inches from the fulcrum. How great must it be, to balance a weight of 
112 pounds? 

18. A pair of pincers is 6 inches long. IIow great a force must be applied, 
2 inches from the top, to overcome a resistance of 8 ounces? 

14. The distance of a man's hand from his elbow is 16 inches. The biceps 
muscle is inserted in his fore-arm 2 inches from the elbow. With how 
great power must the muscle act to sustain a weight of 56 pounds in the 
extended hand ? 

15. {See § 225.) The circumference of a wheel is 8 feet; that of its axle, 16 
inches. The weight, including friction, is 60 pounds ; how great a pow- 
er will be required to raise it ? 

16. The pilot-wheel of a boat is 8 feet in diameter ; the axle is 4 inches. The 
resistance of the rudder is 180 pounds, to which one-tenth of itself must 
be added for friction, Ac. How great a power must be applied to the 
wheel, to move the rudder ? 

17. An axle one foot in circumference, fitted with a winch that describes a 
circle of 6 feet, is used for drawing water from a well. How great a power 
will it take to move 60 pounds of water, allowing one-tenth for friction ? 

18. Four men are drawing in 4m anchor that weighs 1,000 poimds, with a 
capstan. The barrel of the capstan has a radius of 6 inches. The circle 
described by the handspikes has a radius of 5 feet. How great a pres- 
sure must each of the four men exert, to move the anchor? 
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19. (See % 232.) With a fixed pulley, how great a po^er will it take to hoist 
a weight of 50 pounds, 20 per cent, or one-fifth, being added for friction ? 

20. {8ee § 238.) With a movable pulley, how great a power will it take to 
hoist a weight of 60 pounds, twenty per cent, being allowed for friction ? 

21. {See § 239.) With a fixed and a movable pulley, how great a power will 
it take to hoist a weight of 50 pounds, 40 per cent., or two-fifths, being 
allowed for friction ? 

22. {See § 241.) With two fixed and two movable pulleys, how great a power 
will it take to hoist a weight of 50 pounds, 60 per cent., or three-fifths, 
being allowed for friction ? 

23. {See % 242.) How great a power will it take to hoist a weight of 100 pounds 
with one of White's Pulleys having five grooves in each block, 85 per 
cent., or seven-twentieths, being allowed for friction ? 

24. {See % 243.) With a system of six movable pulleys, having each its own 
rope, and arranged as shown in Fig. 115, how great a weight (including 
friction) will a power of 20 pounds raise ? 

25. With a similar system of five movable pulleys, how great a power will it 
take to balance a weight of 64 pounds, to which the friction of the pul- 
leys adds 60 per cent., or one-half of itself ? — Am. 3 pounds. 

[64 + 32 = 96 26 = 32 96 -i- 32 = 3 Answer. ] 

26. {See % 247.) How great a power will be required to balance a weight of 
40 pounds (friction included), on an inclined plane, whose length is 8 
times its height? 

27. {See § 258.) A weight of 1,500 pounds is to be raised with a wedge 
having a base of 60 inches and a height of 12 inches. How great must 
the power be ? — Ana, 300 pounds. 

28. I desire to raise a weight of 900 pounds with two similar wedges, 
as shown in Fig. 122. Each wedge has a base of 3 feet, and is 9 inches 
through at the head. How groat a power must be applied to each ? 

29. A weight of 1,020 pounds is to be lifted 1 Ya feet. The greatest power 
that can be applied is 266 pounds. Give the dimensioni^of the wedge. 

30. {See % 257.) Of two wedges 4 inches thick at the head and respectively 6 
and 8 inches long, which can be driven into a log the more easily? 
Which will break the sooner, both being made of the same material ? 

81. {See § 262.) How great a pressure (including friction) will be exerted by 
a power of 15 pounds applied to a screw whose head is 1 inch in circum- 
ference, and whose threads are one-eighth of an inch apart ? 

82. A book-binder has a press, with a screw whose threads are one-third of an 
inch apart, and a nut worked by a lever which describes a circle of S feet. 
How great a pressure will a power of 5 pounds applied at the end of the 
lever produce, the loss by friction being equivalent to 240 pounds ? 

88. {See §265.) How great a pressure is produced by a power of 1 pound 
with one of Hunter's Screws, worked by a lever which describes a circle 
of 75 inches ; the threads of the larger screw being half an inch apart 
and those of the smaller one-third of aif inch, 33 Vs per cent., or one-third, 
of the pressure being deducted for friction ? 
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CHAPTER IX. 

MECHANICS (CONTINUED). 

WOEELWOBK. — CLOCK AND WATCHWOEK. 

267. All machines, however complicated, are combina- 
tions of the six simple mechanical powers described in the 
last chapter. The chief objects in combining them are to 
gain a sufficient degree of power, and to give such a direc- 
tion to the motion as will make the machinery do the work 
required. 

"Wlieeliirork. 

268. The wheel enters more largely into machinery than 
any other of the Mechanical Powers. 

269. Several wheels combined in one machine are called 
a Train. 

270. In a train of two wheels, the one that imparts the 
motion is called the Driver; the one that receives it, the. 
Follower. 

271.- Modes of Connection. — ^There are three ways in 
which motion may be transmitted from one wheel to an- 
other: — 1. By the friction of their circumferences. 2. By 
a band. 3. By teeth on their outer rim. 

272. Friction of the Circumferences. — One wheel may 
move another by rubbing on its circumference, or outer 
rim. The wheels are so placed that their rims touch, and 
one of them is set in motion. The circumference of each 



267. Of what are all machines combinations ? What are the chief objects in com- 
bining them? 268. Which of the mechanical powers enters most largely into ma- 
chinery ? 269. What is meant by a Train of wheels ? 270, In a train of two wheels, 
which is the Driver? Which, the Follower? 271. In how many ways may motion 
be transmitted firom one wheel to another ? Mention them. 272. How may one 
wheel be made to move another by robbing on its circumference f What is the ad- 
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having been previonaly roughened, friction prevents the 
moving wheel from ahpping over the one at reitt, and mo- 
tion is imparted to the latter. Wheels thug connected 
work regularly and with little noiso, but will not answer 
I great reaistanco is to be overcome, and hence are 
not muoh used. 

273. Ba7td8. — One wheel may be made to move an- 
;>ther by means of a band passed round both circumfer-' 
ences. Such a band is known as a Wrapping Connector. 
It 19 also called an Endless Band, because, its ends being 
joined, we never seem to reach them, though the motion is 
continuous in the same direction. The band mnst he 
stretched so tight that its friction on the wheels may bo 
greater than the resistance to be overcome. 

Fig. 190 BbowB hon wbeela are coaaectcd by an Fig. 136. 

CDdicxs band, ir the follower ii to turn in the sums 
directioii as tbe drirer, ibc band is poescd over it 
without crossing, as in A : if in (he opposite dtreotion, 
the buid is crossed, na iu tt. 

3T4. The bands, or beiting, used far this purpose 
aro genondiy made of leatlier or prepared india rub- 
ber. The vhcels ma; be for a^srt, if neoeesary ; and 
OD this BccouDt, aa well bb bcoauBo a gioct amount of 
power may tbua be tranBoiittOfl, tbo wrappuig OOD- 
DBctor ia muoh need. The motion imparted ia exceed- 
ingly regular, any little inequalities being «)rrected 
by the atietoLing of the bond. 

876. Fig. 127 ahona the different fbnns given to 
the cironmfereDces of wbeolH, in order that the band 
may not slip off. A's circumference ia concave, or 
hollows lowards the centre, with a rim on each side. 
B's is tbc same, with a row of pins down thi 
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le dlMdTantngn. oT thla mode uf connscUon? £T3. What In a 
rnuiiela given t<>lt,kndwbff Ituw Uehlmiiit 
ilrJToc to the tnlloirar, when <a tbe band oroawtd, 
ndlsaebaailBDanallr nudul By wbnl ndvuitagga 
!» the muHuB Impnrted liy wmpplng Buinei 
ucoedingly rejuUr! tIG. Duorlbs thsdlfferrnt ftimis givun ta the clmnmrcrc 
BTirhHiB an wb<(b ■ vnpplng CDnnsotar Is to act, ilt. What Is thn third <ri 
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276, Teeth. — One wheel may be made to 
move another by means of teeth on the circum- 
ference of each. A toothed wheel is shown in 
Fig. 128. 

2VV. Small toothed wheels combined with 
large ones are called Pinions, and their teeth Leaves. 

278. Two or more wheels connected by teeth are called 
Gearing. When so arranged that the teeth work in each 
other, they are said to be in gear; and when not, (mt of 
gear. 

Fig. 129. Figure 129 shows a 

train of wheels and pin- 
ions in gear. To find 
how great a weight will 
be balanced bj a given 
power with such a 
tnun, multiply the pow- 
er Buccessiyelj \ijf the 
number of teeth' on the 
wheels, and (fivide bj 
the product of the num- 
ber of teeth on the pin- 
TBAiN OF wmreis AND piwioKs. jons. For instance, in 

Fig. 129, let the first large wheel have 18 teeth, the second 18, the third 27, 
and the fourth 27 ; and let each pinion have 9 teeth. Then (leaving friction 
out of account) a power of 2 pounds will balance a weight of 72 pounds. For 

2 X 18 X 18 X 27 X 27 = 472392 

9X9X9X9 = 6561 

472392 divided by 6561 = 72 

279. Kinds op Toothed Wheels. — There are three 
kinds of toothed wheels ; viz.. Spur-wheels, Crown-wheels, 
and Bevel-wheels. 

280. Spwr-viheds, — Spur-wheels have their teeth per- 
pendicular to their axes, as shown in Fig. 129. 

The teeth are either made in one piece with the rim, or 




which one wheel may be made to move another ? 277. What are Pinions ? What 
are the teeth of pinions called ? 278. What is Gearing ? When are wheels said to he 
in gear t When are they said to he out of gear t What does Fig. 129 represent ? 
With snch a train, how do you find how great a weight will be balanced by a given 
power? Give an examQle. 279. How many kinds of toothed wheels are there? 
Name them. 280. Describe Spur-wheels. How are the teeth mado ? What are 
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consiBt of separate pieces set into the rim. In the latter 
case, they are called Cogs, 

111 mills, 'Cog-wheels are gen- Fig, isn. 

erally uaed with Trundles, or Laii 
terns, aa represented in Fig. 130. 

A is a large cog-wbecL B is a tritndli 
conaistiogof two pWTilIfl! discs nad an Intel 
THuiog space tniseraad i)j routid pins caHe 
Stares, ao acraDged aa to recciTu tiia oogB of 
the otber wheel. 

Mill-wheels nro generally made of caat- 
irou ; but Uicj ore found to work most Bcnuolli- 
Ij when one of them has wooden instead of 
Iran tseth. Wooden teeth are therefore oftea 
Bet in the larger one, which is then colled a 
Mortico-wheol. cua-wiiBst *sd TansoLE. 

281. Crown-wheels. — Crown-wheels have their teeth 
parallel to their axes. 





11 repreii'titi the cjiitralu-wliecl ai 
leeth run the sotiio wu; as its axis, is a crov 
right nngles to its axis, is a Bpur-wbeel. 

Fig. L3S shows how a crown-wheel woriced by a winch is combiaed with 
a trundle in a hand-mill used iuGFermany and tfortbern Europe. The crown- 
wheel mores rerticall;, but it oonimuQicates a horizontal motion to thatrao- 
dle, which in turn imparts it to the mill-stoDe. 

282, Sevel^wheels. — Bevel-wheels are ivheelfi whose teeth 
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Fig.l88w 



BEVEL- 






Fip. 184. 




form any other angle with 
their axes than a right angle. 
A pair of bevel-wheels 
in gear are shown in Fig. 
133. 

283. Rack and Pin- 
ion. — Circular motion is 
converted into rectilinear 
(that is, motion in a straight 
line) by means of the rack 
and pinion, represented in Fig. 134. 
the pinion A revolves, its teeth work in 

those of the rack . 
BC, moving it for- 
,^^,^ ward in a straight line. 

B ,AAAA/>AA/^^A^vxA/vyws o 284. Foegi>Hammee.— A toothed 

wheel may produce an alternate up-and- 
down motion, as in the case of the Forge- 
hammer, represented in Fig. 135. 

The wheel is so placed that its teeth successivelj 
come in contact with the handle of the hammer, which 
turns on a pivot. As the wheel revolves, a long 
tooth carries the lower end of the handle down and 
raises its head. As soon as the tooth releases the handle, the head of the 
hammer falls on the anvil by its own weight. A new tootl^ then comes into 
play, and the operation is repeated. 

285. Cranks. — ^The Crank is much used in machinery 
for converting circular motion into rectilinear, or rectilinear 

into circular. It has different forms, but is 
generally made by bending the axle in the 
way represented in Fig. 136. As the wheel 
to which it is attached turns, the crank A 
also revolves, and causes the rod B, with 
which it is connected, to move alternately 
up and down. 



Fig. 135. 
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Fig. 186. 
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doos Fiar. 138 represent ? 283. How may circular motion be converted into rectilin- 
ear? Describe the working of the Rack and Pinion. 284. What kind of motion does 
a toothed wheel produc-e in the case of the forge-hammer ? Explain the working of 
the forge-hammer. 285. For what is the Crank used ? Describe its usual form, and 
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The point at which the rod stands at right angles to tha 
axl6 (as in the Figure) is called the Dead-poiot. Two dead- 
pointu occur in each revolution. When at eitlier, the craak 
loses ita (mwer for the instant ; "but the impetus carries it 
aloug, and as soon as the dead-point is passed it again be- 
gins to act. 

BBS. Anolber ronn of the crank is cxhib- Fig. 181. 

jtcd ED Fig, 137, nhicbEhuwa how a wheel is 
moved by a treatlle-board worked bj the fooL 
A is tlie trctidle ; B C is a cord passed round 
the pullej D, and attached to tbe crank E, 
wliichia oonneoled with the ante of the wheel 
F. When the foot bears the treudla-board 
down, tho end of the crank is raised ta its 
highest point. Hsra it would remain if the 
foot vrero kept on the board ; but, iJie TauC 

being removed, the impetus of tho wheel cnrriea theeraok round agiiiii [i> its 
lowest point, raising in turn Iho end of the treodlo-botird. The Tout is now 
applied again with tha sanio eQe<:t as before, and continuous moliun is thna 
im[iiirt«d to the wheel. • 

287. FLT-wHBBa.8,— The motion of machinery must be 
even and regular. Both powur and resistance must there- 
fore act uniformly; if either increases too rapidly, tho sud- 
den atr^n is ^t to break some part of the works. To , 
prevent this, the fly-wheel is used. 

The fly-wheel appears in various forms, but generally 
consists of a heavy iron hoop with bars meeting in the cen- 
tre. It is set in motion by the machinery, and by reason 
of its weight acquires so great a momentum that irregu- 
larities either in power or resistance, unless long continued, 
have but littlo efiect. If, for instance, the power ceases to 
act for a moment, or the reMstance suddenly increases or 
diminishes, the great momentum of the fly prevents the 
motion of the machinery irom varying to any great extent. 

SSS. The fly-wheel also accumulatea power, and Ihns onablca a mucbine 
eater resiBtance than it conid olhvrwiso do. The power, 
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allowed to act on the flj alone for a short time, gives it an immense momen- 
tum ; and this momentum directly aids the power, when the machine is ap- 
plied to the required work. 

Clock and Watcli Work. 

289. One of the commonest and most ingenious appli- 
cations of wheel work is exhibited in clocks and watches. 

290. History. — ^The advantages of combining wheels 
and pinions were partially known as fiir back as the time 
of Archimedes; yet they were comparatively little used in 
machinery, and not at all for the measurement of time. 

Instead of clocks and watches, consisting of trains of wheels, the ancients 
used the sun-dial, and dep'-sy-dra or water-clock. The former indicated ibo 
hour by the position of the shadow cast by a style, or pin, on a metallic plate; 
the latter, by the flow of water from a vessel with a small hole in the bottom. 
The dial' was of course useless at night ; and neither it nor the clepsydra, 
however carefully regulated, could measure time with any great degree of 
accuracy. 

Even Alfred the Great, 985 years after Christ, had no suitable instrument 
for measuring time. To tell the passing hours, he used wax candles twelve 
inches long and of uniform thickness, six of which lasted about a day. Marks 
on the surface at equal intervals denoted hours and their subdivisions, each 
inch of candle that burned showing that about twenty minutes had passed. 
To prevent currents of air from making his candles bum irregularly, he en- 
closed them in oases of thin, transparent horn. But, after all, King Al- 
fred's candles were only approximate measurers of time. 

291. Clocks moved by weights were known to the Sar- 
acens as early as the eleventh century. The first made in 
England (about 1288 a. d.) was considered so great a work 
that a high dignitary was appointed to take care of it, and 
paid for so doing from the public treasury. The usefulness 
of clocks was greatly increased by the application of the 
pendulum, which was made about the middle of the seven- 
teenth century. 

Watches seem to have .been first made in the six- 



aid the power? 289. In what do we find one of the most ingenious applications oi 
wheel-work ? 290. What is aaid of the knowledge of wh^el-work possessed by the 
ancients? What did the ancients nsoforthe measurement of time? Ilowdidthe 
sun-dial indicate the hour ? How, the clepsydra? What is said of the accuracy of 
these instruments ? How did Alfred the Great measure time ? How did he keep off 
currents of air ? 291. When were clocks moved by weights first made by the Sara> 
cens ? When was the first made in England f How was this dock regarded ? What 
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teenth century, though it is not known who was their in- 
ventor. For a time they were quite imperfect, requiring to 
bo wound twiue a day, and having neither second nor min- 
ute hand. The addition of the hair-spring to tho balance, 
by Dr. Hooke, in 1658, was the iirat great improvement. 
Others have since been devised ; and chronometers (as tlio 
best watehes, manufactured for astronomers and naviga- 
tors, are caliod) are now made bo perfect as not to deviate 
a minute in six months, even when exposed to great varia^ 
tions of temperature, 

292. Clock-work. — In clocks, except such as are moved 
by springs rimilariy to watches, the moving power is a 
weight ; to which, when wound up, gravity ^ves a constant 
downward tendency. In its effort to descend, it sets in 
motion a train of wheels and pinions; and they movo tho 
hands whicii indicate the boura and minutes on the face. 

Tba motion of tbo whsets, though onitsed bj- rie '31. 

the wctgbt, is regulated bj tbc jwudulaiu aud on 
apparatus called tbo Eacnpement, showa iu Fig. 
1S8. ThBaniihof-piiceA.SC movoa with the pon- 
dulum. As the latter vibrates, the patl^ B, C, 
aro alt«matolf riiBid fareneuitlitoletone tooth 
of ihv Ki^fS-iffheel paaflfitSTuotioDflt i^tber timoa 
beiDg nbcuked b? the entrance of one of the 
pallets batweaD the tfleth. Hence, though the 
weight Is wouud np, the cloak does not go till 
Iho pendulum is eat in motion. If the pendu- 
lum and eacapcmoDt are romoTed, tho weight 
runs down unchecked, Inroing the Tarioua wheels ■"" esoapbmiiit. 

with gj-eat rBpidit7. Tho motion of tho wheels is thus mode oniform by Iho 
penduluui ; and bj shortening or lengthening it we can make tho clock go 
Ikater or eluwcr. 

293. "Watch-wobk, — ^In a watch, there is no room for 
" a weight or pendulum ; hence a spring, called the fnaiti- 
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spring^ is substituted for the former as a moving power, 
while the balance and hair-spring take the place of the lat- 
ter as a regulator. 

The main-spring is either fixed to an axle capable of revolvingy as shown 
at P in Fig. 140, or is contained within a hollow barrel, connected bj a chain 
with a conical axle, called ihe/useef represented in Fig. 189. A is the barrel, 
Fig. 189. within which and out of sight is the 

main-spring, having one end attached to 
the inner surface of the barrel, and the 
other fastened to a fixed axle passing 
through the barrel. B is the fusee. 

TUB FU8EB. '^^^ watch Is wouud up with a key, 

applied to the square projecting firom 
the fusee. Bj turning the square the chain is drawn ofif from the barrel and 
wound round the fusee. The barrel is thus turned till the spring in the in- 
side is tightly coiled. This spring, by reason of its elasticity, tends to un- 
coil, and in so doing moves the barrel round, drawing ofif the chain from the 
fusee, and winding it again around the barrel. The fusee is thus turned, and 
carries with it the first wheel of the train, which imparts motion to all the 
rest. When the spring has uncoiled itself, the chain, being entirely wound 
round the barrel, ceases to move the fusee, and all the wheels come to rest. 
The watch is then said to run down. 

The reason of the peculiar shape of the fusee is this. The power of the 
spring is proportioned to the tightness with which it is coiled, and hence is 
greatest when the watch is first wound. The chain is consequently then 
made to act on the smallest part of the fusee ; because, the nearer to the axis 
the force is applied, the less its power of producing motion. As the spring 
gradually uncoils, its power is weakened and it is made to act on a larger 
part of the fusee. By thus adjusting the size of the fusee to the varying 
power of the spring, a uniform efifect is secured. 

294. An escapement similar to that used in clocks connects the moving 
power with the balance. To the latter, also, a very fine spiral spring is at- 
tached, which is fastened at its other end to a fixed support. The watch is 
regulated by shortening or lengthening this spring, the balance being made 
to vibrate faster or slower accordingly. 

295. The works of an ordinary watch are shown in Fig, 
140. For convenience of inspection, they are arranged in 
a line, and the distance between the two plates, and also 
between the upper plate and the face, is increased. 

takes the place of the weight, and what of the pendulum ? What two ways are there 
of fixing the main-spring? Explain Fig. 139. How is the watch wound up ? Ex« 
plain the working of the ftisee. When does the watch run down, and why does motion 
then cease ? What is the reason of the peculiar shape of the ftisee ? 294. What con- 
nects the moving power with the balance ? What is attached to the balance ? How 
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OP U Uia main-spring, aUached 
to its ule, wilbout a fiiBce. The ud- 
CQiling of llie apririg carries the axle 
ruunii, aud with it the great viiid N. 
K worka iiLthe piijoa a, aodb; turn- 
ing it turns also t,hb cenire-vtketllA fya 




to rerolre. R mirks ia the piaioo d at 
wheel C, wbich is on the same axis irith it 

Tlie saw-like teeth of llie balaot^e- wheel are checked {as in th« escape- 
ment of a clock) by the palUtt p,p, which are projoeting Ijladea on the 
ttrffe of the ialanceA. The Anir-sp-tn^', fastened at one end to a flied sup- 
port, and at the other to the balance, may ha shortened hj the etirb or regi- 
vlator, if the wslch goes loo slow, or lengthened if it goes too fast, thus eon- 
trailing the motioD of the balance and consequently that of ttie other wheels, 
ese. The force ot the main-spring is BO adjusted as to make the great 
wheel N revolre once in Tour hours. The spring generally turns it seren or 
eight times round before it is uncoiled, so that with one winding the watch 
runs twenty-eight or thirty-two hours. The. great wheel N has forty-eight 
teeth, the pinion o but twelre; so that a and the centre-wheel M revolreonco 
crery hour, and their ailc, carried through to the face, bears the minute- 
Between the face and the upper plate is a train of pinions and wheels con- 
nected with the axle of the centre-wheel. They are so adjusted that the wheel 
V revolTCS once in twelve hours. V carries the hour-band. It is allacbed 
to a hollow ails, through which the axle of the centre-wheel passes \a cany 
the minute-hand. 

297. Thus we see that the works of a watch are nothing 
more than an ingenious combination of wheels, moved by a. 
spring and regulated by a balance. The arrangement of the 

Utha witch rcgalstcdF KM. What diwB Fl^ 140 roprseentl With the aid oT FEg, 
IWi dcMTlbe thB woriis of a watch anit thalr mgrtu of operatlbn. How Is Iho watch 
leguUlailT MB. Ho« grcst a force la generally given lo tho maln-spripg! How 
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wheels and pinions is such, that there is a constant increase 
of velocity and a corre8j)onding loss of power. The great 
wheel, which begins the train, revolves once in four hours ; 
the balance, which closes it, revolves in one-fifth of a sec- 
ond ; but the force of the spring becomes so attenuated 
by the time it reaches the balance, that the slightest addi- 
tional resistance there, a particle of dust or even a thicken- 
ing of the oil used to prevent friction, deranges, and may 
stop, the action of the whole. 
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CHAPTER X. 

MKCHANICS (CONTINUED). 

HYDROSTATICS. 

298. Hydrostatics and Hydraulics are branches of Me- 
chanics that treat of liquids. 

Hydrostatics is the science that treats of liquids at rest. 
Hydraulics is the science that treats of liquids in mo- 
tion, and the machines in which they are applied. 

299. The principles of Hydrostatics and Hydraulics are 
equally true of all liquids ; but it is in water, which is the 
commonest liquid, that we most frequently see them ex- 
hibited. 

Water abounds on the earth's surface. It covers more than two-thirds of 
the globe, and constitutes three-fourths of the substance of plants and ani' 
mals. 

300. Nature of Liquids. — Liquids differ from solids in 
having but little cohesion. 

of a watch consist? What is said of the arrangement of the wheels and pinions? 
What Is the comparative velocity of the great wheel and the balance ? What is said 
of tliG force of the spring by the time it reaches tlie balance ? 

298. What sciences treat of liquids ? What is Hydrostatics ? What is Hydraulics ? 
299. What is said of the principles of hydrostatics and hydraulics ? How much of 
the globe is covered with water ? How much of the substance of plants and animals 
consists of water ? 800. In what respect do Hquids differ from solids ? What shows 
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Cohesion is not entirely wanting in liquids, as is proved bj their parti- 
cles' forming in drops ; bnt it is so weak as to be easily overcome. Thick 
and sticky liquids, like oil and molasses, have a greater degree of cohesion 
than thin ones, like water and alcohol. 

301. Liquids were long thought to be incompressible, 
but experiment has proved the reverse. Submitted to a 
pressure of 15,000 pounds to the square inch, a liquid loses 
one-twenty-fourth of its bulk. Were the ocean at any point 
a hundred miles deep, the pressure of the water above on 
that at the bottom would reduce it to less than half its 
proper volume. 

302. To distinguish them from the gases, liquids are 
often called non-elastic fluids ; yet they are not devoid of 
elasticity. 

To prove this, after compressing a body of water, remove the pressure, 
and it will resume its former bulk. Again, if a knife-blade be brought in 
contact with a drop of water hanging from a surface, the drop may be elon- 
gated by slowly drawing away the blade ; but it immediately returns to its 
original shape, if the blade is entirely removed without detaching the drop 
from the surface. 

IjSlw of Elydrostatics. 

303. Water at rest always finds its level. 

No matter what the size or shape of a body of water may be, its surface 
has the same level throughout ; that is, it is equally distant at every point from 
the earth's centre. Accordingly, the surface of the ocean is spherical ; and 
this we know to be the case from always seeing the mast of a vessel approach- 
ing in the distance before we see the hull. In small masses of liquids, no 
convexity is perceptible ; and we may consider their surfaces as perfectly flat. 

304. The tea-pot affords us a familiar illustration of this law. The tea 
always rises as high in the spout as in the body of the pot ; and, if the body 
is higher than the spout, it will pour out from the latter when the pot is 
filled. 

So, let there be a number of vessels having communication at their bases, 
as shown in Fig. 141. If water be poured into any of them, it will rise to 

that cohesion is not entirely wanting in liqoids? What liquids have the most cohe- 
sion ? 801. What is said respecting the compressibility of liqaids ? If the ocean were 
a hundred miles deep, what would ho the consequence of the pressure ? 802. What 
are liquids often called, to distinguish them fl-om gases f Is the name strictly correct? 
Prove that liquids are elastic ? 803. What is the great law of Hydrostatics ? Whut 
do we mean, when we say that a body of water has the same level throughout ? What 
Nort of a surface must the ocean have ? What evidence is there of this? How may 
we regard tho soifaces of small bodies of liquids ?«804. Show how the tea>pot illos- 
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the ume l«vd in an, 
DO matter bow they 
may diOer in shape o( 
«ie. In like muner, 
if there be »nblerra- 
D<»us coDnectioa be- 
tween ■ rirer efl^ted' 
by tbe Ude aod pools 
near ita banks, the wa- 
ter in the pools will 
rise aod fall Bunulta- 

305. We take advantage of thia law in supplying cities 
with water from elevated ponds or Btreams. The water 
may be conveyed in pipes any distance, may be carried be- 
neath deep ravinea or the beds of rivers, and when released 
from the pipe at any point will rise to the level from which 
it started. 

Fig. 111. 





Thus, ia Fig. 1*2, the pond A is made to supply the house R with water 
by means of pipes carried dowQ into the raJley, under tbe stream B and orer 
the bridge C. In tbe bouse it will reach the level of tbe pond from wbich it 
was taken, shown by the dotted line. 

Fountains formed by tapping the pipe st any point, rise, theoretically, to 
the same level, as seen in tiie plate, but .ere presented from quite reaching 
it by the resistance of the air and the check which the ascending stream re- 
ceivea from the falling drops. 

306. The ancient Romans appear to have known that water conducted 
in pipes will find its level; yetso difficult did they ilnd it to make water- 



trntes thli law. lllustnite it with FIr. 141. How does tble lin apply ia Iba cue of 
pools connected with tlde-waler' SOS. To what practical pnrpoBe la this prlnclpla 
applWT niugtrate this witli Fig. 142, How hiebnill fountaing formed b; tapping 
the pipe riset SOU. How did thaWndent Boniau convey their eoppllu ofwaUrt 
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tight joinbi, that, instesd of emploj[Dg pipes, thej ooiirejed tbeir itsUt 
thrnugh raat Itvel uqnedncte, bridging at an immense eipuase sauh ruvinus 
and Tulleys as Idj- io tboir course. Id modern timeB, iron pipes laid beneutli 
Ibe anriace, bowerer much it laaj be depressed, aceompliab th» same object 
witb mucb less coet, tbe water iJwajH riaing ta ila original letel wben o(- 
loned to da so. Tbu lower tbe pipes sre suuk, tbe sfrouget' tbe; sbould be ; 
far tbe upward pressure of the water, (eudtng (o resume its level, increaaes 
in proportiua to tbe deptb. 

307. Artesian Weils. — It is on this principle, also, that 
Artesian Weils are made. They are so called from the I 
province of Artoia [ahr-ttoa/i], in France, the first district 
of Europe where they were extenavely introduced, though 
known to the Chinese for centuries, 

Tbe outer crust of tbe esrlli consists of different strata, or layers ; some 
of whicb (rock nod clay, for instooce) are impervioua to water, and otbcra 
□ot (such OS grarel and cbalk). If a stratum whicli nllows water to fiuw 
througb it is endoaed, ofler leaviog tbe lurface. between two imporrious 
layers, and tbna deacenda to a lower level, the water received bjtbis stratum 
at the surface, unable to pnsa out above or below, cnllects in it througbout its 
wbole lengtb. Let an opening then be made at auy point into this reservoir 
tbrougb tbe impervious stratum above, and tbe water will at onco rise to 
find ita level- 
Such opcniaga are Arteainn wells. Tliej liave been carried in some casea 
a third of a mile belaw tbe aurface; and so abundant is tbeir auppl; of water 
tb'flt n single well of this fciud near Porld bus bijon compuluii to yield more 
than 700,000 gallons daily. The eloTaled end may be several hundred 
miles dialant ; it matwrs not how far. Parts of Algeria bordering on 
Sahara, once oousidered an irroDhiimable desert, have been anppliad with 
water, and thus rendered habitable, l)y means of Artesian wells. 

308, Springs. — Springs have a similar (Jrigin. The rain 
drank up hy the earth's surface gradually sinks, till it 
reaches an impervious stratum. Along this it runs, re- 
ceiving additions as it goes, till it finds vent in some nat- 
ural opening. 

In ordinary wella, the water does not rise to the earth's surface, hecausa 
it does not come trom an eluvsted stratum. 
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309. Xoc£«. — ^We are enabled to rnn canals through ua- 
even tracts by taking advantage of the &ct that water al- 
ways finds its leveL If the bottom of the canal were not of 
a uniform grade, the water would run towards the lower end 
and iuundate'the Biurounding country. When, therefore, 
the ground is oncren, the canal is built in sections, each level 
in itself, but of a different grade from the one next to it, 
with which it ia connected by a compartment called a Lock. 

Fig. 1«. 




Let AB represent ■ canal, the upper scctioa of which, A, is fifleen feet 
higher than the low^r aectioD B. A boat is passed from one to the other by 
means of the lock C, vhich commnnicates with either section, as maj he de- 
urcd, bj opening sliding valrea in the lock-gates D, E. When a boat is going 
down, tbe gute E is closed and D is opened till the water in the lock assames 
the same level aa in A. The boat is then brought into the lock; the gate D.U 
closed and E is opened. The n-at^r, giadnall; sinking in tbe lock, beats tiia 
boat along with it til] it reaches the same lerel as in 11. In goiagup, the op- 
eration is reversed. The boat having passed from B into the lock, E is closed 
und U opened. The water rushes in to find its level, and the boat is raised 
till it stands at the same height as the water in A. 

310, 77ie Spirit Level. — ^The Spirit Level, an instru- 
ment much used by surveyors, masons, and others, operates 
Fic m ^"^ ^^^ same principle. It consists 

of a glass tube (see Fig. 144), slight- 
ly curved, and nearly filled with 
"^ colored alcohol, just enough air be- 
ing allowed to remain in it to form a bubble. The tube is 
then closed, and fixed in a wooden or metallic case. 

On being applied to a snrfaeo, if the latter is perfectly level, theair-hub- 
ble will rest midway of the tube, in Its highest poiut, which has been found 
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Fig. 145. 



bj previous experiment and marked. If the bubble rests in any other place, 
it shows that one end of the tube is higher than the other, and consequently 
that the surface on which it rests is not level. 

The tube is sometimes made of a different form, and nearly filled with wa- 
ter instead of alcohol ; the instrument is then known as the Water Level. 

Pressure of Liiquids. 

311. First Law. — Liquids^ subjected to pressure^ trans- 
mit it undiminished in all directions. 

Solids transmit pressure only in the line in which it is 
exerted; liquids transmit it in every direction. This is 
proved by experiment. 

In Fig. 145, A represents a glass vessel of water, to the 
neck of which a pistph, B, is tightly fitted. Tubes are 
inserted at intervals through orifices in the sides. As the 
piston is driven down, the pressure is felt alike at all points 
of the vessel, as is shown by the flow of the water from 
the tubes. 

312. Second Law. — Liquids^ influenced 
by gravity alone, press in all directions. 

Bore a hole in the bottom of a pail filled with water ; 
the water rushes out — this proves its downward pressure. 

Bore a hole in the side of the same pail : the water 
rushes out — ^this proves its lateral pressure. 

Bore a hole in the bottom of a boat ; the water rushes 
in — this shows its upward pressure. 

313. Third Law. — The pressure of liquids in every di- 
rection is proportioned to their depth. 

The downward pressure of liquids increases with their depth. To prove 
this, take four tubes of equal diameter, and over one end of each tie a piece 
of very thin india rubber. Fill them with water to different heights, say 5, 
10, 20, and 30 inches. The india rubber will be distended the most in the 
one containing the greatest depth of liquid. 

The lateral pressure of liquids increases with their depth. Ilence dams 




Spuit Level? Of what does it consist? How is the spirit level used? What is tlie 
Water Level? 811. What is the first law relating to the pressure of liquids? What is 
the diflforence between solids and liquids in this respect? Illnstrate this law with 
Fig. 145. 812. What is the second law relating to the pressure of liquids? Prove the 
downward pressure of liquids. Prove their lateral prcssu As. Prove their upward pres- 
sure. 813. What is the third law relating to the pressure of liquids ? What experi- 
ment proves that the down v/ard pressure of liquids is proportioned to their depth? 
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Bciirelj hooped at bolitom 

Ihan at lop. 

Fig. 14S, The upirard preuure of liquida iaoreaaea with their 

, iiSr-^^ depth. This ia shairD by tba eipcrimeDt repreaeated ia 

\^^__i^ Fig. 1*6. A B i» an open tubo, ground perfectly amooth on 

\ the loner eod. C ia a plate of lead attached to a atriag. 

P " ( Pass the atring through the tuhe, and with it keep the lead 

1 ' ' . 'I plate close agaioat the ground end ; then iDtroduce the 

I j whole into a deep feaael of water. 'WheQ it has deacended 

I . uiiincliortwo.letgolbaatring.andtheleadwillNiik. Let 

I it go near the bottom of the Teasel, and, as aliown ia the 

I ■ '' \ ^'g<"^> ^B 'esd will be supported by tlie water. The up- 

^^^^ ward pressure baa therefore increased with the depth, 

J 814. At great depths the pressure of water becomea im- 

mense; oeitbec divers nor fish can endure it Strong glass 

bottles, empty and tightly corked, are aflen let down with cords at sea, and 

the preaaure is generally sufficient to break them at a depth of 60 feet If 

the bottle does not break, either the cork ia driven in or water 

FlK. UT. g„,^„ through its pores. The hardest wood, sunk to a great 

depth, has its pores so thoroughly filled with water as to become 

incapable of rising. Hence, when a ship gees down at sea, her 

timbers are never seen again. 

315. This law leads to wonderful results. Ef- 
fects almost incredible may be prodnced by an in- 
Bignificant body of liquid so disposed as to have 
considerable depth. 

We may, forcianiple, burst a stout cask with a few ounces of 
water. Having filled the cask with water and inserted in its top 
a long tube communicating with the inside, we may force the 
staves asunder, however tightly hooped, by simply pouring wa- 
(er into the tube. 

816. Similar-eOects are often produced in nature. Let D (see 
Fig. us; be a mass of rock through which runs a long creiice, 
A B, communicating with C, a large cavity below, full of water, 
and having no outlet. When a shower filU the crevice, so great 
a pressure may be generated as to rend the rock in fragments. It is in thia 
way that many of the groat convalsioDB of nature are produced, 

What shonlfl te the strongest part of dams. Ma-walla, and barrels,— and wby f Db- 
scribo the eiperimenl which proves that tie upward pressure of liquids InoMases 
with their deptlL 814. What Is said of tho prossure of water at great depths f TVhst 
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31?. JTydroatiUic ^'ft> 

Paradox. — Pressii re 
being proportioned 
to depth alone, avery 
Bmall quantity of li- 
quidmay balance any 
quantity, however 
great. Thia princi- 
ple is caUed the Hy- 
drostatic Paradox. 

Improbable as it appears at first, its truth i* 
riou3 ways. 

In Pig. U9, let A be a resBel bolding EO gallons, 
and B li lube of the suae height, oommmiioaling with 
A, and haring b capacity of one gallon. Water poured 
in cither rises to the same height in bolti. When both 
are lull, the pressani gf the one gallon in the lube must 

la great as that of the SO gallons in the vesael | oth- 




TDuld to 









■ - 



cause ttie iraler there to DTerflon. 

318. Rule for Jin,ding the Pressure on 
the Sottotn of aVeasel. — To find the pres- 
sure of a body of liquid on the bottom of ' 
the vessel conttuning it, multiply its height into the ; 
of the veasel'a bottom. 

According to thia rule, different pj^r, TTiOr 

qnnntitioB of liquid rosy produce equal , . _ i , i 

preBsura. In Fig. 150, Id A, B, and C ^^ | .~ ~/ 

be three TeaaeU having eqnal buses, T ^ _ l ■* - / 

and ooniaiDing tho same depth, thouj-li ' . ^j , 

difiercnt quandties, of liquid ; then the 
pressure tin their bottoms vrill be equal. 

319. Sydrostatic Bellows. — Interesting experiments j 
may be performed with the Hydrostatic Bellows, repr&- I 
sented in Fig. 151. 
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A metnllio pipe, abont four feet long, ii screwed into a watcr- 
tigbt ajmrtment, formed of two circular pieces of board fiiBtdncd 
(ogetlicr witb a brood leather baai. Ai water is poured into Uie 
pipe, tlie lop of tbe bdlons rises, and with such force aa to lift 
heavf iTCJglits placed upvo it. Wbcn botb pipe and bellows nro 
(ult, the Utter will support frnm llirce to (bur Inindrcd pounds. 
It mattera uot bow smaTl tbe bore of tbe pipe maj be -, the prts- 
unre depends solclj' on its height. 

320, Jli/drostatia Press. — A useful appIicatiocT.I 
of tlie same principle is made in Brainali'a Hydr<^ J 
Btatio (or Hydraulic) Press, exhibited in Fig. 162. 
E B represents a foreiog-pamp worked b; the lever A. This 
inalrumenl, which is fnllj described on page 1> 
pifllon norkiag within a Bmoll lube to which it ia lightly fitted, 
nad which desoonda, bb shown bj the dotted 1: 
eiatem in the bottom of tbe Irame of the press. F G is a tiUi4a| 




iron cylinder D, free to move np 
oud down within it. I) bos a plat- 
en, H H, Bttuched to it, betwKn 
which and the top of the frame, 
the cotton, ba;, cloth, or other 
substance to be pressed, is placed. 

long arm of the lercr A. Water 
ia bj this means drawn np from 
tbe cistern into the tube EB; and, 
when A is lowered snd the piston 
thus made to descend, being pre- 
Tdnted from returning to tbe cis- 
tern by n valve wbicb closes, it ts 
forced through the tube F H mto 
the lower part of the cylinder C. 
platen, whulever is confined 




a iimanre, greater or leas nccording to tha qaantitf of water 
C. 

With the Ilydrostatic Press any degree of presaare 
may be obt^ned that is not too great for the strength of 
the materials employed. The machine is ostensively used, 
not only for presaing, but also for extracting stumjis, tusL- 
mg cables, Etnd raising vessels out of water. 

Specific Gravity. 

321, If we weigh a cubic inch of water, and then the 
same bulk, or volume, of tdlver, and of cork, wo find the 
diver heavier than the water, and the cork lighter. If we 
proceed to compare the weights of various other Bubst an cos, 
taking a cubic inch of each, we shall find that they all differ 

To express the comparative weight of differ- 
ent substances, the term Specific Gravity is used. 

322. Tlie Spedfic Gravity of a substance is the weight 
of a given bulk of it compared with the weight of an equal i 
bulk of some other substance taken as a standard. The 
standard employed is distilled w.iter at the temperature of 



A stnndard of Ibis kind moat be invariable. Hence the temperature of 
tbo water is fixed ; for at a higber degree of heat it weald becoma rarer, — 
and ut a iower degree, denser. Oidlilled water is taken, because it is pare ; 
Uie ijjtermixture of vegetable and mineral matter in spring and river waloc 
•Oeots Uielr densitj-, and makes lh«m unflt for a ataudard. 

A eulno inch of silver weigbsloi/, times as mueb as a cubic iucli uf wa- 
ter; aMordiUglf, the speoifio gravity of water being 1, that of silver is 10'/^ 
A cubic inch of cork weighs '</,„, as much as the same bulk of water; tha 
specific gravity of cot^ tbcrelbre, is set duwn at <"/iui or.S4. 

323. Fltiids that do not mix, when brought together, 
arrange themselves in the order of their specific gravities, 
the heaviest at the bottom. Tlius, if mercury, water, and 
oil be thrown into n tumbler, the mercury will settle at tlie 
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bottom, because its specific gravity is greatest ; next wiD 
come the water ; and on top, the oil, which is the lightest 
of the three. 

Cream rises on milk, because its specific gravity is less than that of milk. 
For the same reason, the oily particles of soup float on the top. 

The negroes in the West Indies take advantage of this law of specific 
gravity. When they want to steal rum out of a cask, they introduce through 
the hole in its top the neck of a bottle filled with water. The water descends 
on account of its greater weight, and rum takes its place in the bottle. 

S24. Gases, like liquids, differ in their specific gravity. Smoke rises, be- 
cause it is lighter than air. Hydrogen is so much inferior to ur in specific 
gravity, that it not only rises itself, but also carries up a loaded balloon. 
Carbonic acid gas, on the other hand, is somewhat heavier than air ; it is 
therefore found at the bottom of wells and mines, where its poisonous prop- 
erties sometimes prove fatal to those who descend. 

325. If a solid floats on a liquid, like cork on water, its 
specific gravity is less than that of the liquid ; if it sinks, 
like lead, its specific gravity is greater. If solid and liquid 
have the same specific gravity, the solid will remain sta- 
tionary at any depth at which it is placed, without rising 
or sinking. 

That a solid may float, it is not essential that, in a compact mass, it weigh 
less than a like bulk of the liquid. A solid may therefore float or sink in 
the same liquid, according to the form it is made to assume. A cubic inch 
of iron weighs 7V4 times as much as a like bulk of water, and will therefore 
sink in the latter ; but, if beaten out into a vessel containing more than 7 V4 
cubic inches, this same iron will float, because then it is lighter than an equal 
bulk of water. It is on this principle that iron ships float. 

Fig. 158. 326. A floating solid displaces its own 

weight of liquid. 

To prove this, fill the vessel A with water up to the 
opening B. Drop in a ball of wood. As it becomes 
partially immersed, it raises the water and causes it to 
flow through B. Catch the water thus displaced, and 
it will be found to weigh exactly the same as the ball. 

327. A body immersed in water is 

- ■ ■ - ■ ^ 

together, arrange themselves? Give an example. Why does cream rise on milk f 
What use do the negroes in the West Indies make of this principle ? 824. What 1* 
said of the specific gravity of gases? Why does smoke rise ? How docs hydrogen 
compare with air in specific gravity ? Carbonic acid ? 825. When will a solid float 
on a liquid, when sink, and when remain stationary without rising or sinking ? How 
may a solid which in a compact mass is heavier than water, be made to float? 




buoyed np, and loses as muoli ' 
plaoi-ia weighs, 

A hay caa briog up &GDi llie bottuiu i 

could not lifl 

lioavier the t 
jMt, wliUe in 

Tbut the weigbt Ulna lost equals 
(hat of Ibe waler displocpd, is Bhon-a 
with Oie Epparatua rapreaenled in Fig. 
151. From one side dF b, bpJiace sus- 
pend a solid c^^linder U, and on tbe ssuie 
Hcnla place ■ hollow cylinder A, wbicb 
juat canbiins tbe other. Buluuce the 
whole with a Weight C in the uppusite 
scale. If, DOW, we immerse B, stiU SU9- 
peuded, in a vessel of water, C will be 
found to outweigh AB, but tbe differ- 
euce is eiactt; made up by fllHag A with 
WHier; and aa A just holds B, it is evi- 



iglit aa the water it di*- 



328. Specific Geavitt of LiQuiDg. — The speeific grav- 
ity of a body is Mmply its weight compared with that of a 
like bulk of water. Hence the specific gravity of a liquid 
may be easily obtained in the following way : Fill a glass 
vessel, whose weight is known, with water up to a certain 
mark, and weigh it ; subtract the weight of the vessel, and , 
you liave the weight of the water alone. Tlien fill the v 
Bel to the same height with the liquid in question, weigh it i 
again, and subtract the weight of tlie vessel aa before. ~ 
find the specific gravity of the liquid, divide its weight by 
that of the water. 

A flask that will hold 1,000 grniiis O'f water, oaHed the Thousand Grain 
Bottle, is often used for this purpose. A glass stopper, with a narrow epea- 
ingninnitig Icnglbwlae through it, is fitted to the neck. The fiaak being 
Sited, Ibis stopper ia inserted ; as it doaeends, it forces out the ei:cess nf 



liquid through 


aopeuiug, nod thus always en auros the Home rohimo nf liquid 
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Fig. 155, 



inude. A Bask eanUniug 1,000 graina of water will bold 13,5S3 grajni of 
Iiiercui7 and T03 graios of alcohol ; diTJding according to the rule, we find 
tliB Bpeciflc gravity of mercury to he la.6BS, and that of alcohol .7B2. 

329. J'Ae Hydrometer. — Tlie specific gravity of liquids 
may atao be duterminetl by the Hydrometer. This instru- 
ment consists of a hollow ball, C, from which 
rises a graduated scale, A ; while to its lower 
side U attached a solid ball, B, of sufficient 
weight to keep the instrument in a vertical po- 
sition. 

To Hod the Bpecific graTity of any liquid, place the hydrom- 
eter ia it. The rarer the liquid, the farther it deacends; and 
the figure on the scale at the point where it meets the sur&ce, 
is noted. A table Bccompanies the instruineDt, which tells the 
specific gravity of a liquid when the height to which it rises 
on the scale is known. 

The hydrometer ia used by dealers in spirits, oils, and 
chemicals, to lest their strength. The height to which the 
pure article rises on the scale being known, any different re- 
sult when 0. liquid is tested. Indicates adulteration. 

330. Specific GaAvrrr of SoLina, — The 
""btii."'" simplest way of finding the specific gravity of a 
solid would be to take a certjun bulk of it (say a cubic inch 
or cubic foot), ascert^n its weight, and divide it by the 
weight of a like bulk of water. It ia so difficult, however, 
to obtdn any given bulk exactly, that other methods bavo 
to be resorted to. 

331. If the solid sinks in water, weigh it first in air, and 
then in water by means of a balance prepared for the pur- 
pose. Divide its weight in air by the weight it loses in 
water, and the quotient will be its specific gravity. 

This is the same thing as dividing the weight of the solid by that of an 
equal bulk of water, for we haie already seen that a solid weighed In a liquid 
loses as much weight as the liquid it displaces weigbs. 

Itow msny gtains of mercury will such a flask hold! Of alcohol f What, aen, Is 
the jpeciflc pnvlly of mcrcnry and alcohol f 339. What Instrnmcnl is naed throb- 
l^inlsi; the speFtfic gravity of liqnlda ? Describe th« Hydronielor. How ts tlie epe- 
eifioeravUyobUinod with Ma Instrnmi^nt? By whom U tho hyaromotor chiefly 
nsed? How does ttlndicatsadaltaratinnl S-%. What wonid be the nlmploat mode 
Df finding the speclBo gravity of a lolldt What dlfflcalty stands lo tba way.I 
Kl. Hon may we And the ^wclBc gravity of a solid that sinks la wstsri Olva ■■ 
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A piece at piatianm wciglia 22 grung in sir, and SI ia traUr. Dividing 
MS, the weight in air, bj 1, Iho loHs of weifjlit in waler, we gat 23 for the upe- 
oific gravitj of platinum. 

332. To find the specific gravity of a solid that floats oo 
water, attach to it some body heavy enough, to sink it. 
"Weigh the two; thus attached, in air and in water ; and by 
subtraction find their loss of weight in water. Ia the same 
way, find how much weight the heavy body alone loses in 
water. Subtract thia from the loss sustained by the two, 
and yon get the weight of a volume of water equal to the 
body imder examination. Divide the body's weight in air 
by this remainder, and you have its epecifio gravity. 

SxamiiU. Reiiuired the aiiuciflo gmvitj' of a piooa of dm wood Weighing 
S ouuoea. AttacL to it 4 ounces of lead. 

The combined Bolids weigh in lurS + 4 = ounces. 

la water we find tbem to weigli S.\5 ounces. 

Loss of the combined sulids in water, ^.SS onouos. 

The lead ^one weigba in air. 1 onnceg. 

The lead alone weighs in water 3.0j onncea. 

Lobs of the lend in water, 3 j ounce. 

Weight of a Toiumo of water equal to the wood, a.SS — .3,1 = S.TiO 
Spu^c gmiitf of elm wood, 2 -r- 2.IiD = .8 

333. Specific Gravity of Gasis. — ^The specific gravity 
of gRses is found by a process «milar to that employed for 
liquids. Air is taken for the standard. A glass flask flir- 
niahed with a stop-cock is weighed when full of aii, and 
again when exhausted by mcana of an alr-putnp ; the differ- 
CDce between these weights is the w^ght of a flask-fiill of 
air. The fiosk is then filled with the gas in question, and 
agffin weighed ; this weight, lesa that of the exhausted flask, 
ia the weight of a flask-full of the gas. Divide the weight 
of tlie gas by that of the air, and the quotient is the spe- 
cific gravity required, 

334. Tables of Specific Gkavitiks. — The following 



ojtfinipU, sat nowmny woBinllliu!!pK-iBcgnivllj,.tiis.>ll.lU.iit fliwti 
Find the ipodHo gix.lty on pluoo ot aim «owl wpigliing S ouecm. W 
tatso tat a standard tu esUiDaUng tbu ipealBc grAvIt; ut laaiii t How m 
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tables give the specific gravity of some of the most impor- 
tant substances : — 

Spbcific Geavitt op Solids and Liquids. — Standard^ Distilled Water, 1. 



Iridium .... 


23.000 


Iron, cast 


7.207 


Platinum... 


22.069 


The earth 


6.210 


Gold 


19.358 


Diamond 


8.536 


Mercury . . . . 


18.568 


Parian Marble . . 


2.838 


I^ad 


11.445 


Anthracite coal.. 


1.800 


Silver 


10.474 


Bituminous cool. 


1.250 


Copper, cast 


8.788 


Lignum viisd .... 


1;888 


Tin 


7.291 


Oak 


.970 



Ice 980 

Living men . . .891 

Cork 240 

Human blood 1.045 

Milk 1.080 

Sea water... 1.026 

Olive oil 915 

Alcohol 792 



Specific Gravity op 0kSBS,^8tandardt Air, 1. 



Hydriodic Acid 4.800 

Carbonic Acid 1.524 

Oxygen 1.111 



Air 1.000 

Nitrogen 0.972 

Hydrogen 0.069 



835. By examining the above tables, it will be found that solids generally 
have a greater specific gravity than liquids, and liquids than gases. Among 
solids, the metals are the heaviest. 

The heaviest known substance is the metal iridium, which, bulk for bulk, 
weighs 23 times as much as water. The lightest substance is hydrogen gas. 
It would take about 12,000 cubic feet of hydrogen to weigh as much as one 
cubic foot of water. 

Sea- water, being impregnated with salts, is somewhat heavier than fi*esh 
water. It is therefore more buoyant ; and this every swimmer that has tried 
it knows. A vessel passing from fresh water to the sea, draws less water in 
the latter, that is, does not sink to so great a depth. 

836. Water is 81 5 times heavier than air ; that is, it would take 815 cubic 
inches of air to weigh as much as 1 cubic inch of water. Hence, by confin- 
ing air in tight chambers in different parts of life-boats, they are made so 
buoyant that theyisan not sink even when filled with water. Life-preservers 
act on the same principle. The air confined in them, being 815 times lighter 



clftc gravity of gases be found ? 884. [QiiesHona on the 7U5i«A— Which is the densest 
of tbe metals ? Which is the densest of liquids ? Will the wood called lignum vita 
float in water? What liquid will it float in? Which weighs more, a cubic foot of 
water or the same bulk of Ice? In which would a boat sink deepest, olive oil, alco- 
hol, or sea- water ? Gould a man swim In alcohol ? Would a balloon rise most easily 
in hydrogen, carbonic acid, or air? Would a balloon filled with oxygen rise in air?] 
835. How do solids, as a general thing, compare with liquids In speclflc gravity ? How 
do gases compare with liquids? Among solids, what class of bodies are heaviest? 
What is the heaviest known substance ? How does its weight compare with that of 
water? What is the lightest substance? How many cubic feet of hydrogen would 
it take to weigh as much as one cubic foot of water? How does sea- water compare 
with fresh water in specific gravity? In which is it easier to swim ? In which does 
a vessel draAv less water ? 836. How docs air compare with water In specific gravity? 
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bulk of V 



r, helps lo keep up Iho bodies to which Ihey mnj' 
\ of Bah lite provided with biaddera, whiuti Uiej 
it plcaaurB ; tile; nre IhuB able lo increuae at di- 
r iaatuntaaeonHly, itnd to rise or siak accordingly. 
3ST. TbeHpecifiOftraTitfofliiiagmen iHsetdoira at .391, or less thuD 7,0 
of that of water. Jbe bumao body, thereGirH, will float 1 and, if the head ia 
thrown back bo as to brioj; Ibe mouth uppermoat, tbere is no danger of drowu- 
ing. ereo ia the case of tliuae who can uut siriiu. If the air is expelled from 
the IxiDgs, and water takes its place, the apeciQc gravitjr i^ increased ; dodbb- 
quentlj the bodies of drowned peraons sink. Ailer remainiDg nadir wahT 
for a time, the/ again float; this ia owing Id the generation of light gaaeti 
.within them, by which Ibeir apeoilio graTity ia lessened. 

339. If we know the specific gravity of a body, we can 
easily find how much any given liulk of it weighs, A cubio 
foot of water ia found to wdgh 1,000 ounces, or 62 J pounds 
avoirditpoia ; the weight of a cubic foot of any given aub- 
etauce will, thercfoi'e, be equal to Q2i pounds multiplied by 
its specific gravity. 

Sxanyil), Rciiujred the weight of a cubic foot of gold. The tabic makes 
, the specidc grarilj of gold 1(i.3jS. ITultiptyiug this iaUi Cl'i.S, wo get 
1S0>.8T5 poiiods Ibr the weight required. 

339. Two solids of equal bulk will displace equal quan- 
tities of a liquid in which tliey are immersed ; but two sol- 
ids of equal weight will not do so, unleHs tbeir specific grav- 
ity is the same. This principle has been applied in testing 
the purity of the precious metals. 

ir, forinstanoe, we wish to find whethw a piece of ailTer is pnre. we put 
it iu a ycssel even full of water, aad catch what ovorfloWB » we dn the aamo 
witli an equal weight of what ia known to be pare silver. If equal quantities 
of water are diaplaced, the article teslfid lb pure, for it bos the same Bpccihc 
grsvitjiw pure silreri but if not, it is adulterated. 

S^. The fact abovB slated waa discorerud and &nt applied b; Arcbima- 
dci. Hiero, king of Syracuse, having purchaaed a golden crown, and sus- 
pecting the parity of the metal, asked (he philosopher to teat it, without in- 
jury to its coally workmanship. In vain Archimedes tried to aolTe the prob- 
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H spedflc fravlly orahody. how uiaj-i 
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leiii ; till one daj, when bathing, he observed, that, as more and more of his 
body became submerged, the water rose proportionally higher and higher in 
the vessel. It at once occurred to him that any body of equal weight and 
exactly the same density, but no otJmry would cause an equal rise of the liquid ; 
and here was a clue to the sf>lution of the problem that had troubled him , 
Naked as he was, he rushed home from the bath, shouting ** Ueureka/** / 
li'ice found U I lie inmiediately procured a quantity of pure gold equal in 
Vi>ight to the crown, and a like weight of pure silver. Then successively 
lounging the gold, the silver, and the crown, in a vessel brim-full of water, 
1k' caught and weighed the liquid displaced in each case. Finding thai tho 
crown displaced more than the gold and less than the silver, he inferred that 
it was neither pure gold nor pure silver, but a mixture of the two. Archi- 
uiodes afterwards investigated the subject further, and discovered the leading 
principles connected with specific gravity. 

Capillary Attraction. 

341. If ono end of a fine glass tube be placed in a ves- 
Ht'l of water, the other end being left open, the water will 
rise in the tube above its level. The force that causes the 
water to rise is known as Capillary Attraction. It is so 
called from the L^tin word capiUus^ a hair, because it is 
most strikingly exhibited in tubes as fine as a hair. 

A liquid will not rise by capillary attraction in tubes 
that exceed one-tenth of an inch in diameter. 

342. A liquid wiM rise in a capillary tube, when the 
attraction of the solid for the liquid is more than half that 
of the liquid particles for each other. In such cases, the 
liquid will wet the solid ; and the surface of the liquid will 
be concave, being raised where it touches the tube. 

The same thing is seen when a 
glass plate, C, is placed perpendicu- 
larly in water, A B : the surface, in- 
stead of maintaining the same level 
jj throughout, rises near the glass on 
hoth sides, as represented by tho 
dotted lines. 

This experiment shows that tho 
attraction of gloss for water is sufficiently groat to overcome the gravity of 

Relate the circumstances. 841. What is Capillary Attraction ? Why is it so called f 
What is the limit of size for capillary tubes ? S42. in what case will a liquid rise in 
a capillary tube ? What form of surface wilk tho liquid present ? When a glass plate is 
placed perpendicularly i j water, what may be observed ? What does this experiment 



Fig. Ifi6. 
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the latter. The adhesion between glass and water, moreover, is greater 
than the cohesion between the particles of water ; for, if the glass be re- 
moved, some of the liquid will adhere to its surface, — ^that is, it will be wet. 

343. If the attraction of the solid for the liquid is less 
than half that of the liquid particles for each other, the 
liquid will not rise in the tube, and its surface will become 
convex, being depressed where it touches the tube. 

In like manner, if the glass plate in the last experiment be greased, 
the water, instead of being elevated near the sides, will be depressed, as 
shown by the dotted lines in Fig. 

157. A similar appearance is pre- ^^^' ^^^' 

sented when a glass plate is plunged J^ 

into mercury. In such cases, the 

liquid does not wet the solid ; when ^ 

the glass plate is drawn out, not a \ 

particle of the mercury adheres to 

it. 

This apparent repulsion may be 
so great as to prevent a solid from sinking in a liquid lighter than itself. 
A fine needle smeared with grease, if carefully laid in a horizontal position 
on the surface of still water, will remain floating there. It is thus that 
insects are able to walk on water, their feet not sinking in the liquid or 
even becoming wet. 

344. Familiab Examples. — ^Examples of capillary at- 
traction meet us on all sides. 

If one end of a towel be left in a basin of water, the 
part outside soon becomes wet, the liquid being drawn up 
through its minute fibres. The same thing happens if a 
piece of sponge, of bread, or of sugar, remains in contact 
with a liquid, the pores of the substance acting like capil- 
lary tubes. Blotting paper drinks up ink on the same 
principle. 

The common lamp affords a good illustration of capillary attraction. The 
oil or buming-flaid is drawn up through the fibres of the wick fast enough 
to support the flame. There is a limit, however, beyond which capillary at- 
traction does not act ; and, therefore, if the oil gets low, the lamp grows 
dim and finally goes out To allow a free passage to the oil, the little tubes 



show? 848. Under what circumstancea will an apparent repulsion be manifested 
between the solid and liquid? What form of sarface will the liquid in the tube then 
present ? Give examples. What is sometimes the consequence of this apparent re- 
pulsloii r Oiye an example. How is it thtft insects walk on water ? 844. How is capil- 
lary attraction illustrated with a towel and a piece of bread or sugar ? How is the flame 



nYDBOSTATlCS. 

A melalHc pipe, abont four feet long, is screwed into ft woter- 
tight Bpartment, formeil of two cirCQlar pieces of board fasteacd 
together with ft hroad leather band. As water is poured into the 
pipe, the top of the bellows rises, aud wilh such force fts to Lift 
heavy wejglits placed upon it. When both pipe and bellows are 
full, the latter will support from three to four hundred pouuda. 
It matters not how small the bore of the pipe maj be ; the pres- 
sure depends solely on its height. 

320. Hydrostatia Press. — AuBcful application 
of the same principle is made in Bramah's Hydro- 
Btatio (or Hydraulic) Press, exjiibited in Fig. 162. 

E B represeots n tbrcing-pump worked by the IcTer A. This 
iostniment, whicb is fullj described on page ISS, consista of a 
piston working within a small tube to which it ia lighflj fitted, 
and which descends, as shown by Ihe dotted lines, into a 
cistern in the bottom of the frame of the press. F G is a tube 




ftnd down within it. D has a pla 
ea, H II, attached to t bet rec 
which and the lop of he frami 
the cotton, bay, cloth or oth 
substanceto be pressed silacei 
To work the press ra se th 
long Brm of the lecer A Wat 
is by this means drawn up frai 



when 



into the lube EB 
ed and the I 



ia lowi 



veufed from returning to the 



read through the tube F G into 

le lower part of the cylinder C. D being thus 

:atec, wbutcTer ia eonSned between the latter and the tup o 
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r less Bccording to the qaaiitil; of water 

With the Hydrostatic Press any degree of pressure 
may be obtained that is not too great for the strength of 
the materials empkiyed. Tlic itiachino is estensively used, 
not only for pressing, but also for extracting stumpH, test- 
ing cables, and raising vessels out of water. 

Specific Oraritf. 

321. If we weigh a cubic inch of water, and then the 
same hulk, or volume, of silver, and of cork, we find the 
silver heavier than the water, and the cork lighter. If we 
proceed to compare the weights of various other substances, 
taking a cubic inch of each, we ahal! find that they all diSur 
more or less. To express the comparative weight of differ- 
ent substances, the term Specific Gravity is used. 

322, The Specific Gravity of a substance is the weiglit 
of a given bulk of it compared with the weight of an equal 
bulk of some other Buhstanco taken as a standard. The 
standard employed is distilled water at the temperature of 



A standard of this kind most be inrariable. Hence the tempcraturn of 
the water is filed ; for ot a bigber degree of heat it would become rarer, — 
and at a loner degree, denser. Dlatilled water is token, becuuso it is pure ; 
the intenaiicture of vegetable and minorol matter in apnng and river water 
aflecta (lieir density, and niakea tbem unfit for a gtoDdard. 

A cubic [aoh of silver weigbaloi/i times 09 niucb oa a cubic inch of wa- 
ter; Bccordiuglf, theapeeiSc gravity of water being 1, tluit of silver ia W/t. 
A cubic inch of cork weighs "/ino ^ much as the same bulk of water; tha 
specific graritj of oorit, thoraforo, ia Bet down at "/ino or-24- 

323. Fluids that do not mix, when brought together, 
arrange themselves in the order of their specific gravities, 
the heaviest at the bottom. Thus, if mercury, water, and 
oil be thrown into a tumbler, the mercuiy will settle at the 
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must be kept clear ; uid, as impurities gather in tbom from 
liqaid, the wick must he changed from time to time. 

CepiUu-y attraction is strikinglj exhibited m wood. Water ia drawn up 
inio its porea, diatending them, and causing a perceptible increaee of size. 
This expansion is turned to practical accoant in the south of France. A. 
large c)'liader of freestone, sereral feet ia length, has circular groores made 
at intcrrals id its snrtace. Into these grooree are driTea wedges of dry 
wood, which are then kept wet with water. As the wood abaorba the liquid, 
it gradually eipands, till it rends the solid cjlicder into rough mill-stones, 
which require but little labor to fit them for market. 

It ia capillaij attraction that renders the banks of fltreacns Bo productire; 
the water drawo ia through the pores of the earth, fertiiiiea the adjacent 
parts. On the same principle, a potted plant ma<r be supplied with the n»- 
cesaarj moisture hj filling the saucer in which it stands with water. Hoasea 
are rendered damp b; the absorption of enemal moisture, the pores of the 
brick orstoae, of which the walls are built, acting as capillar; tubes. 

345. Laws of Capili-aet Attraction. — Different li- 
quids rise to different heights in tubes of the same size. 
Ether, for example, riees about one-halt| and eulphuric acid 
only one-third, as high as water. 

TTie same liquid always rises to the same height in a 
tube of given size; and this height is prc^>ortioned to the 
fineness of the bore. In a tube jij of an inch in diameter, 
water rises 5^ inches. 

Kg. 168. Fi^lM. 




84i. Tig. 158 represents Ai tubes of 
ditterent bore, communicating at the bot- 
tom with a vessel conlaining colored' 




to Ihs fineness of the bore, Blaadiag highest 



unpplied withfuelt HowiBcaplllaryallraelLon eiliLbfteilin wood! Wliat 
Ai of this prindpie in Fruiu F What Is the c<ffeet of raplllarr altractt.>n on 
a oT atreamt t Ilow maf a potted plant i» supplied with multtare t How 
ijsmadedamp? iO. What la thekw of capirlarj'Btlmitloti, aa regirdsilif- 
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at togetber, 



'0 glasa plutes (sea Fig. 169), 
i to form nil anglo of Dbout 
r (othDdeplhDfaDmoli,iind 
a greatvst bcight whsre tbo 
:liD curre called the hy-per'' 



348. iNTBKEsrmQ Facts. — If a capillury tuba capable 
of raising water four incliea be broken off at three, there 
I "will be no overflow, as might be expected. The water will 
rise three inches to the top of the tube, and there stop. 
But it will be supplied as fast as evaporation takes place. 
Hence, to prevent waste in a spirit lamp, an extinguisher 
is put over the wick when it is not burning. 



It is n lemarkublo Tiiet that no enpOTatidn takes plu 
reochcB Iht lop of the capillary tube. Tubfscontajaing u 
could hold under the influonco of capitlurf oltroction, ha 
*nn for months, without losing nny part of their content! 



by.. 



I 



349. Flo ATTNG Bodies. — Motion is produced in bodies 
floating near each other, by a force resembling capillary 
attraction. Tliia may be Bhown with two balls, as repre- 
Bcnted in Figs. 160, Ifll, 162. 

A and Bare cork balls, capable of being wet Fls-lflO. 

with WBter. When Ibey are brought close i ~ "" ~ 

gether, the attraction of thoir surfaces raises I 






1 tlwt 



r,till D 



they Uiueh. 

nud D are similar bolls, greased so tliat 
the; con not be wet. In this cuse, tbe surface 
of the sarrouBdiDg water is repelled, rorming 
little holluirs in which they rest Since then 
is not enough liquid between Ihem to balance 



proBch each other. 



nilhout, the balif 



again ap- 
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Fig: 162. E and F are a pair of similar balls, one of 

which, E, can be wet, while the other, F, can 
not. The water, attracted bj E, rises around it, 
whereas around F it is depressed. If these balls 
are placed near together, F, bethg repelled from 
the wall of water around £, will recede from it. 

350. ExDOSMosB AND ExosMOSB. — ^Two peculiar results 
of capillary attraction, known as Endosmose and Exosmose, 
remain to be mentioned. 

Endosmose is the inward motion of a fluid, through a 
membranous or porous substance, into a vessel cont^ning 
a different fluid. Exosmose is the outward motion of the 
contained fluid through the same substance. 

Fill a ressel with alcohol, tie over the top a bladder that has been soaked 
in water, and immerse the whole in water. In a few hours it will be found 
that water has passed into the vessel through the bladder, and that alcohol 
has passed out into the water. The former movement is called Endosmose ; 
the latter, Exosmose. The inward current is stronger than the outward one. 
Water passes in faster than alcohol escapes ; and consequentlj the bladder 
soon becomes puffed out. All membranous and porous substances, such as 
india rubber, plaster of paris, wood, Ac, permit the passage of these cur- 
rents, which are owing to capillarj attraction. 

351. Endosmose and exosmose are exhibited in the case 
of gases, as well as liquids. 

If a phial full of air, with a piece of thin bladder tied over its mouth, be 
placed in a jar of carbonic acid gas, the latter will force its way into the 
phial while air will pass out. Here, again, the inward current is the stronger ; 
the bladder is puffed out, and finally bursts. 

The facility with which gases thus pass in and out through porous sub- 
stances is proportioned to their rarity. Hydrogen, the rarest of known 
bodies, exhibits these movements in their greatest perfection. This is the 
reason why the rose balloons, recently so popular as toys, lose their buoy- 
ancy in a few days. They are made of thin india rubber, and filled with hy- 
drogen. When allowed to remain in the air, endosmose and exosmose take 
place. Hydrogen passes out through the pores of the rubber, and air takes 
its place. The balloon gradually becomes less buoyant, ceases to rise, and at 
last, as it loses more of its hydrogen, is carried to the ground by the weight 
of the india rubber. 

which can be wet and the other not ? 860. What is Endosmose ? "What is Exosmose ? 
Show how endosmose and exosmose operate. Through what sort of substances do 
they take place ? 851. What, besides liquids, are affected by these movements ? 
Give an example. What gases most readily pass in and out through porous sub- 
etauces ? What gas exhibits endosmose and exosmose most distinctly ? What is the 
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352. The skin being porous, a liquid with which it re- 
mains in contact will find its way through by endosmose 
and be absorbed by the body. If a drop of the powerful 
poison called prussic acid be placed on the arm, a suffi- 
cient quantity to cause death will thus be taken into the 
system. 

353. Endosmose and exosmose enter largely into the 
operations of nature. They cause the ascent and descent 
of sap in trees and vines. The inside of living plants con- 
sists of minute cells, containing fluids of different densities. 
These fluids are constantly passing in and out through the 
porous waUs which separate them, under the influence of 
exosmose and endosmose, modified by the vital action at 
the same time going on. 

EXAMPLES FOB PRACTICE. 

1. {See § 328.) A phial weighing 4 ounces when emptj, weighs 6 ounces when 

filled with water, and 7 when filled with nitric acid. Required, the spe- 
cific gravity of the acid. — Ans, 1.5. 

2. A vessel filled with ether weighs 13.575 ounces ; filled with water, 15 

ounces ; when empty, 10 ounces. What is the specific gravity of ether ? 
8. An empty jar weighs 7.5 pounds ; filled with sulphuric acid, it weighs 
12.1125 pounds; and filled with water, 10 pounds. Find the specific 
gravity of sulphuric acid. 

4. A Thousand Grain Bottle is found to hold 870 grains of oil of turpentine, 

and 1,036 grains of oil of cloves. VThat is the specific gravity of these 
oils? 
In which would a cork ball sink the deeper ? 

5. {See §331.) A piece of crown-glass weighs 5 ounces in the air, and 3 in 

water. What is its specific gravity ? — Ans, 2.5. 

6. A beef-bone weighs 2.6 ounces in water, and 6.6 ounces in air. What is 

its specific gravity? — Am, 1.65. 

7. What is tlie specific gravity of a piece of ivory, which weighs 16 ounces 

in air, and loses 8% ounces when weighed in water ? — Ans. 1.828 -♦- 

8. ( To soke the next two problems^ see § 332 and Example, In each case, we 

may suppose a pound (16 ounces) of lead, weighing 14.6 ounces in water, 
to he used for sinking the solid.) 
A piece of wax weighs 8 ounces ; when it is fastened to a pound of 



effect of theae movements on rose balloons ? 852. What is their effect, when a liquid 
is placed on the skin ? Give an example. 858. What is the effect of endosmose and 
exosmose in trees and vines ? 
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lead, the whole weighs in water 18.712 ounces. What is the specific 
gravity of the wax? — Ant. .9. 

9. Fastening a piece of aah to a pound of lead, I find their weight in water 

to be 12.76 ounces. The ash alone weighs 10 ounces in the air. What 
is its specific gravity? — Atu, •84+ 

10. (See S 833.) A glass flask, with the air exhausted, weighs '4 ounces ; 
filled with air, it weighs 4.25 ounces; and filled with cy-an'-o-gen, 
4.45125 oz. What is the specific gravity of cyanogen ? — Ant, 1.805. 

11. A flask full of chlorine weighs 11.222 ounces. Filled with (dr, it weighs 
10.5 oz., and when the air is drawn out, 10 oz. Bequired, the specific 
gravity of chlorine. 

12. According to the answers of the last two questions, in which would a 
balloon rise most easily, air, cyanogen, or chlorine f 

13. (See S 836.) How many cubic feet of air would it take to weigh as much 
as 4 cubic feet of water ? — Ant, 3,260 cubic feet, 

14. (See S 338, and Table,) How much would a cubic foot of gold weigh f 
IIow much, the same bulk of silver ? 

15. What would be the weight of 4 cubi6 feet of Parian marble ? 

16. What is the weight of a block of anthracite coal, 6 feet long, 4 feet wide, 
and 8 feet high ? ( Tofmd the number of cubic feet in the block, multiply 
the length, breadth, andthicknett together.) — Ant, 8,100 poundt, 

17. Suppose a room 10 feet high, long, and wide, to be filled with gold, 
what would the gold weigh? — Ant, 1, 209, S*l 5 jnyundt. 
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CHAPTER XI. 

MECHANICS (CONTINUED). 

HYDRAULICS. 

354. Hydraulics treats of liquids in motion, whether 
issuing from orifices or running in pipes and the beds of 
streams. It shows how water is applied as a moving power, 
and describes the machines used for raising liquids, 

355. Flow op liquids through orifices. — ^If an orifice 
be made in the side or bottom of a vessel containing a liquid, 
the latter will escape through it. The particles of liquid 
near the orifice are forced out by the pressure of those 
above. 
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^/ 366. Ydocity. — ^The velocity of a stream flowing through 
- 'sn oiifiue depends on the distance of the latter below- the 
iisurface of the liquid, being equal to the velocity which a 
^body would acquire in fallmg that distance. 

A/" If, for inalance, in * reaervoir foil of water, threa oriSces ba nuide at , 
N^^plha of ie>/„, 64>/ii ^d 1^1 f^'t the liquid (laaring fiicUoD, Ac. out of 
Recount) will issue from them with ndocitics of 33'/,, U'/i, and B6'/i fevt jier 
secuod, becoosB such, u we huie fomid, would ha the velocity of a body Ml- 
ing through the differeiit distances first nmned. 
^^. Tho distnnces above mentioiied are tu each other as 1, J, 9 ; the velocitie* 
^^i^kre to each other as the aqnare roots of these Dumbera, 1, E, 3. Conaequent- 
k Crl7i t^ vttocUiei o/tli-eanu UiuiHg/rom diferent arifiert in the sami tend ■ 
^- \ir«io iofh oihsr tuth^equard roots qf tJt^rngpe^irie diataneea biloiethi rar- 
/aae of Iht liquid. Priotioo, however, and other oauaes, produoa more or 
leu deriation from this rale. 

357. As long as the liquid ia kept at the Bame height in I 
~'the vessel, it issues from a given orifice with the same vo- 
f'v locity ; but, if the vessel is not replenished, as the liquid 
Tgeta lower, the pressure dimimshcs, and the velocity of the 
n^tream diminishes with it. It takes twioe as long to empty 
^n unreplenished vessel through a given orilice, aa it wonld 
•>ibr the same quantity of water to escape if the liquid w 
tjtept at its original level 
\ 358. Tlie Clepsydra. — Among the ancients, time waa 
\^measured by the flow of water through an orifice, in ( ' 
■V strument called the Clepsydra, or Water-clock. It consist- j 
--X cd of a transparent vessel with a hole hi the bottom that ] 
/NiSvould empty it in a certjun time. A scale o 
V ^-^ the vessel indicated, by figures at difleront levels, the num- 1 
^^— her of hours which it took the liquid to reach them sue- 1 
cessivcly lu its descent. As the discharge was most rapid 1 
when the vessel was full, the divisions were of course longest ] 
at the top of the scale. 

The clepsydra was necessarily ianccumte, inasmuch as the Sow of th« j 
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water varied in rapidity according to its temperature and the density of the 
atmosphere. Yet it answered for general purposes ; indeed, it was the only 
iustrument used for measuring small intenrals of time in astronomical ob- 
servations. 

359. Course of Streams flowing from Orifices. — A 
liquid issuing from an orifice descends in the same line as 
a projectile (see § 127). The curve described is called a 
parabola. In a given vessel, a stream will spout to the 
greatest horizontal distance, from an orifice midway be- 
tween the surface and the bottom of the liquid. Streams 
flowing through orifices equally removed from this central 
one, wiU spout to the same distance. 

Pig i^ In Fig. 16S, if the orifice B be midway between 

the surface and the bottom of the liquid, the stream 
passing through it will spout to the greatest dis- 
tance ; and if A and Che equi-distant from B, the 
streams passing through them will reach the same 
point. 

360. Volums discharged, — ^To find 

the volume of liquid discharged in a 

given time from an orifice in a vessel 

that is kept replenished, multiply the area of the orifice by 

the velocity of the stream per second, and this product by 

the number of seconds. 

No allowance is here made for friction ; in practice, 

therefore, the discharge is less than would appear from 

this rule. 

Example. How much water will be discharged from an orifice of 2 square 
inches in 5 seconds, the velocity of the stream being 10 inches in a second, 
and the vessel being kept replenished ? — Am, 2 X 10 X 5 = 100 cubic inches. 

361. The quantity discharged through a given orifice 
in a given time differs in the case of different liquids. Al- 
cohol, for instance, flows more slowly than water, and mer- 

time ? Describe the clepsydra. What rendered the clepsydra inaccurate ? 859. What 
curve docs a stream issuing from an orifice describe ? At what part of a vessel will a 
stream from an orifice spout to the greatest distance ? What is said of streams equal- 
ly removed from the central one? Exemplify these principles with Fig. 168. 

860. What is the rule for finding the volume of liquid discharged from an orifice in s 
given time? What causes deviations fh>m this rule in practice ? Give an example. 

861. What {s said of the quantity discharged in the case of different liquids ? Give an 
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cury more rapidly ; the discharge of alcohol will therefore 
be less, and that of mercury greater, than the discharge 
of water. 

362. A circular orifice of grven area discharges more 
liquid in a given time than one of any other shape. This is 
because a circle is the smallest line that can enclose a given 
space ; in passing through a circular orifice, therefore, the 
liquid comes in .contact with a less extent of soHd surface, 
and is less retarded by friction. 

363. The volume discharged through an orifice in a giventimemay.be 
increased hj heating the liquid. Heat lessens its cohesion, and enables it to 
flow more rapidly. 

864. The discharge may also be increased by fitting a short tube, or Ad- 
jutage, to the orifice. The minute currents of the particles are thus prevent- 
ed from obstructing each other in the act of passing out. The best shape for 



Fi?. 164. Fig. 165. Fig. 166. 
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such a tube is that of a bell with the large 
end out, as shown at A in Fig. 164. When 
such a tube is used, the discharge in a given 
time is increased one-half; and there is a 
still greater gain, if the bottom of the ves- 
Bcl is rounded to meet the tube, as at B in 
Fig. 165. 

If, however, the tube extends into the 
vessel, as at C in Fig. 166, instead of increasing the discharge, it obstructs 
and diminishes it. 

365. Flow op liquids in pipes and the beds op 
STREAMS. — ^The friction of water against the sides of pipes 
in which it is conveyed, retards its velocity and diminishes 
the quantity discharged. 

When the distance is great, or there are sudden turn- 
ings, allowance must be made for friction by increasing the 
size of the pipes, or the quantity discharged will fall fax 
below what is required. If, for instance, leaving fi*iction 
out of account, pipes 6 inches in diameter would yield the 
desired supply, nine-inch pipes would be none too large to 
use. 



example. 862. With a given area, what shape must an orifice have, to discharge the 
most liquid ? Why is this ? 868. How may the volume discharged be increased ? 
864. What other mode of increasing the discharge is there? Describe the. kinds of 
adjatage mentioned in the text, and state the effect of each. 865. What is the effect 
of fHction on the flow of liquids ? Hotr great an allowance should be made for frio- 
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366. Jiivers. — ^The friction of a stream against its bankft 
and bottom materially retards its motion. H€lnce the ve- 
locity of a river is always less near its banks than towards^ 
the centre, and near the bottom than at the surface. 

The windings of a stream also lessen its velocity. Were 
it not for their numerous bends, many large rivers would 
flow so rapidly that they could not be navigated. 

S67. The vdocitj of a stream depends much on the slope of its bed. . A 
river with but few bends, and a fall of three inches to the mile, moves at the 
rate of about three miles an hour. As the slope increases, the velocitj rap- 
idly increases also ; and a fall of three feet in a mile gives the impetuosity o^ 
a torrent 

Sometimes the bed of a river has a considerable fall at first, and then be- 
comes comparatively level. In such cases, the impetus of the water keeps 
it in motion at a rate proportioned to its volume. The fall of the Amazon, 
in the last 700 miles of its course, is only 12 feet. 

368. The quantity of water discharged by a stream de- 
pends on its size and velocity. In large rivers, it is almost 
incredible. The discharge of the Mississippi is estimated 
at twelve billions of cubic feet every minute, and that of 
the Amazon is nearly four times as great. 

369. Waves. — ^Waves are caused by the action of wind 
on a liquid surface. As the particles of a liquid move freely 
among each other, the undulations produced directly by 
the wind extend along the surface to a great distance, far- 
ther than the wind itself. 

The wind is enabled to take hold, as it were, of the water, and produce 
waves, by the friction at the surface. This friction may be diminished, just 
as in the case of machinery, by covering the surface with oil. The wind 
then slips over it, and the water becomes comparatively calm. It is said 
that boats have been enabled to get through a dangerous surf in safety, by 
emptying barrels of oil upon it. 

370. Waves appear to move forward, but in deep water they only move 



tion ? 865. Where has the water of a river the least velocity, and why ? What effect 
have the windings of a stream on its velocity ? 86T. Ou what does the velocity of a 
stream chiefly depend ? How great a velocity does a fall of three inches in a mile 
produce ? How great a fall produces the velocity of a torrent ? How great a fall has 
the bed of the Amazon near its mouth ? What keeps its waters in motion ? 86S. On 
what does the quantity of water discharged by a stream depend ? How great is the 
discharge of the Mississippi? Of the Amazon? 869. By what are waves caused? 
What enables the wind to produce waves? How may a rough sea be calmed? 
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op an^ down. A floating body, after rising and falling with Buccessire warea^ 
when the sea becomes calm is found in the same spot as before. If, how- 
ever, shoals or rocks interfere with the undulations, an onward motion is 
produced, and breakers are formed. Waves are always found breaking on a 
rocky shore, whatever way the wind may blow. 

371. Waves do not generally exceed 20 feet in height, 
— ^that is, do not rise more than 10 feet above, and sink 
more than 10 feet below, the usual level of the sea. They 
sometimes, however, attain a height of 40 feet. Vast and 
mighty as they are, their effects are confined to the surface, 
never extending to the great body of the ocean. The se- 
verest gales are not felt at a depth of 200 feet. 

372. Tides, — In the ocean, and the bays^ rivers, &c., 
communicating with it, there is an alternate rise and fall 
of water, each lasting about six hours. These movements 
are called Tides. When rising, the tide is said to flow / 
when felling, to ebb. 

S73. Tides are caused chiefly by the attraction of the moon. This body, 
when opposite any given part of the earth, attracts the water at that part 
most strongly towards itself, and causes high tide. At the same time it is 
high tide at the opposite point oF the globe, because the moon, attracting the 
mass of the earth more strongly than the more distant water on its surface, 
draws the former, as it were, away from the latter. These elevations are 
accompanied with corresponding depressions, or low tides, at other points. 

The sun, also, attracts the water on the earth's surface ; but not so strongly 
as the moon, in consequence of its vast distance. When sun and moon act 
in the same direction, which happens at every new and full moon, the tides 
are highest, and are called Spring-tides. When sun and moon act in oppo- 
site directions, the tides are lowest, and are called Neap-tides. 

374. The height of the tide is affected by prevailing 
winds, the shape of adjacent coasts, and other circum- 
stances ; accordingly, it is different in different places. At 
St. Helena, the rise of water is only 3 feet ; in parts of the 
British Channel, it is 60. The highest tides known are in 
the Bay of Fundy, where they attain a height of 70 feet. 



8T0. How do waves appear to move? How do they really move? What proof is 
there of this? What is the effect of shoals or rocks? 871. What is the height of 
waves ? How fer below the Burfiuxe do they extend ? 872. What are Tides ? 873. By 
what are tides caused? What, besides the moon, attracts the water? What are 
Spring-tides, and howaM they caused? What are Neap-tides, and when do they 
occur? 874. By what circomstanees is the height of tides affected? How great is 
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Fig. 167. 



This makes the average rise one foot every five minutes, — 
so rapid a flow that animals feeding on the shore are some- 
times overtaken and drowned. 

375. Water-wheels. — ^Rmming water is exceedingly 
useM as a moving power. Made to act on wheels, it causes 
them to revolve by its momentum, turns the shafts or axles 
connected with them, and thus sets machinery of variou* 
kinds in motion. 

The wheels moved by water-power are of four kinds ; 
the Undershot, the Overshot, the Breast-wheel, and the 
Turbine. 

876. The Undershot Whbel 
is represented in Fig. 167. A 
wheel, A B, attached to an axle, 
0, has a number of float-boards^ 
€, d, tffy fitted into its rim, at 
right angles, and at equal dis- 
tances from each other. The 
whole is hung in such a way that 
the lowest float-board, c^ is im- 
mersed in running water, MN. 
The current, striking against 
several float-boards, which are 
more or less submerged, carries 
the wheel around. 

The stream is often conduct- 
ed to the wheel through a nar- 
row passage called a Baee ; and 
its power is sometimes increased by giving the race a slight inclination (see 
Figure). In other cases, the water is made to strike the wheel immediately 
after issuing from the bottom of a dam, with a high degree of velocity pro- 
duced by the pressure of a large body of water. Yet, under the most favor- 
able circumstances, as the weigM of the water does not act on the wheel, but 
only the force of the current, no more than one-fourth of the moving power 
can be made available. 

377. The Overshot Wheel is represented in Fig. 168. It consists of a 
wheel, A B, attached to an axle, 0, and having a number of huckeUy c, dy e,/, 
on its rim, at equal distances. A stream is conducted through a race, G H, 
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the rise at St Helena ? In the British Channel ? In the Bay of Fandy ? 375. How 
is running water turned to account? Name the four kinds of water-wheels. 8T6. De- 
scribe the Undershot Wheel. How is the stream often conducted to the wheel ? 
How is (ts power increased ? In other oases, how is a high degree of velocity pro- 
duced? How much of the moving power can be made available with this wheel? 
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uiJ made to fall oa 
tbe wheel from above. 
The veigbt of tbo wa- 
ter Hud tbe Torce with 
which it dcHcenda 
ca\ae (he wheel to re- 
Tolve. Another buck- 
el ia brought under 
tbe alream, which ia 
its turn is filled, and a 
Dcw one ia presented. 
Ab the wheel turns, 
the deacending buck- 
ets gniduallj lose their 
water, so that t>7 tbe 

rising Ibey are entire- 
ly empty. ■ As the de- 
svending buckets conla 




878. In THK Bheast- Fig. IflO. 
WHEIL, shown in Fig. 169, 
there is a similar orraage- 
meLtofapartniBatsoDthe 
rim. The water is received 
halfway up, or still higher 
in the High Breaat-wbecl 
commonly used in this 
caui]ti7 ; and its weight is 
thus made available. This 
wheel ranks between the 
Overshot and the Dnder- 
fihot in efficiency, savbg 
three-fiflbs of the movbg 

879. Tm TottBura, a ™« BMiST.wmni. 
■cction of which is represented in Fig. ITO, instead of being v< 
wheels just described, is horizontal. It consists of a wheel, A 
a number of apartments, c, J, e,/, by curved partitions. To 
of the wheel ia titled a flicd cylinder, G H, divided into apa 
Bponding with those of the wheel, bat running in the oppc 
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Fl;. im This Gin) cjUoder ii connected with tb* 

base of aa upright tnbe, J K, througli tfao 
middle of which runa another tube, L 

The «Bl«r which is to set the machiD«i7 
in motioD ealen JK, runs throagh tba 
aparlmeiits or O H, la dischuged bj tham 
into the correspoadiDg ipartmeats oT (he 
wheel, and pasBes Out ioto a course pro- 
vided for its escape. It strikes the parti- 
tions nearl J at right angles, and with great 
Torce in consequeDce of the pressure of 
the liquid in the tube. The wheel is thu 
mode to rerolTe ; and a shaft connected 
with it from below and passing through 
the inner tube T, communicates the motion to machinery oboTe. Wbereier 
there is a liiJl of water, turbines are found very useful Thej haie been 
knowD to utilize, or turn to account, Tour-GfthB of the motive power,— mora 
tbau is saved by so; olher wheel. 

380. Peopulsion' or Boats. — The wheels of steamboats 
are not turned by ninnuig water, like those described above, 
but by machinery worked by steam. As they strike tie 
water, the latter reacts on them ; and the boats are forced 
forward or backward, according to the direction in which, 
their wheels turn. Paddles on their rim enable the wheels 
to strike the water more forcibly. 

As the paddles descend and ascend, they have to over- 
come a considerable resistance in a vertical direction, which 
retards their motion ; it is only when they are vertical in 
the water that their full effect is felt. The rolling of the 
boat, also, often interferes with their action, burying them 
too deep or rwsing them entirely out of water. These dis- 
advantages have led some to prefer a submerged screw to 
the paddle-whccJ. The screw is placed in the stem ; and 
vessels moved by its 'means are called Screw Propellers. 

381. The resistance which a vessel encounters in paswng 
through water depends on its shape. The narrower the 
vessel and the sharper its prow, the more readily it pen&- 
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tratea the water, on the prmciple of the wedge. Too great 
narrownesa, on the other hitnii, ia dangerous in boats that 
navigate atormy waters, aiid does not allow aufficient room 
for freight. To determine the ahape that best combines 
speed, safety, and capacity, in the worlt of the ahip-builder. 
It ia a difficult problem, and one that ia perhaps nut yet 
solved, though great advances haye been made of late yeai'a 
in naval architecture. 

. Barker's Mm., — ^An ingeniona hydraulic machine, 
called Barker's Mill, and represented in Fig. 171, 
to be described. 

A ia an nprighl hollow cylinder, taming freely Fig. i; 

on a Teitical nxie. Tbruugh its lower cud runs a 
Lorizonlal tube, B C, DommuBicnling intemally witU 
tho ojlindar. On oppoaite sides of (his tube at ita 

fltTGam ia introduced, throngli the pipe D E 
fuunel at the lup of the oylinder A. It rui 
int« the crosa-lube BC; and, if (here were no op 
portauitj of eacBipe, tt would there ivat, presaing 
equally iu 0017 direction. The moment, howerer 
tbat the two boles in tbe ends are opened the wa 
ter ruaa through ; and thn preaaure at the hales be- 
ing thus removed, vtLile (hat on the oppoBile sides 
IS undiminiahed, tbe tube ia forced round in 
Ibe direction of the presauro, that is, iu nn oppoeito 

with the tube, and thus motion is couunnnicated lo 

me S. n i> a boppe 
mill with grain. 

383, Machttes FOB Raising Water. 
— It is often desirable to r^e water from a lower to a 
higher level. Well-s weeps, actmg on the praiLiplo of the 
lever, are used for this purpose, as is also the wheel and 
axle in a variety of forms. But, when a large supply is r 
quired, other machines, worked with less expense of time 
and labor, are employed. Some of these involve the prin- 
■ IS of Pneumatics, and will be treated imdor that head. 
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Those that belong exclusively to Hydraulics are described 
below. 

384. Archimedes^ Screw, — ^The Screw of Archimedes, 
called after the philosopher that invented it, is one of the 
simplest machines for raising water. It consists of a tube 
wound spirally round a solid cylinder, as represented in 
Pig. 172. 

Fig. 172. ^^ To work the machine, let 

one end of the tube, C, rest 
just below the surface of the 
water. The cylinder, AB, 
must be inclined at an angle 
of about 85 degrees, and be 
fastened at the lower end in 
such a way as to revolve 
freely when turned by the 
handle, H. When the cylin- 
der is turned, the open end 
of the tube, C, scoops up 
some of the water. When 
it has got half way round, 
the point D is lower than the 
end C, and the water descends to D by the force of gravity. Another half- 
revolution brings the point E lower than D, and again the water descends. 
This is continued till the water is discharged at the upper end. As new wa- 
ter is constantly scooped up, there will be a continuous flow as long as the 
handle is turned. — Archimedes' Screw operates only at short distances. 

385. ITie Chain Pump, — ^The Chain Pump is much 
used for raising water. The principle it involves is also 
applied in dredging-machines, for cleaning out the channels 
of rivers. 

This machine (see Fig. 173) consists of a continuous chain, to which cir- 
cular plates, c, df «,/, Ac, are attached at equal distances. The plates are 
of such a size as exactly to fit the cylinder G H, the lower end of which rests 
in the water. The chain passes over the two wheels, I, J ; to the upper one 
of which, I, a handle is attached. "When the handle is turned, the chain is 
«et in motion. The plates, ascending through G H, carry up water before 
them, which has no opportunity of escaping till it reaches the opening K. 
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machines for raising water ? Of what does Archimedes' Screw consist ? Describe its 
mode of operation. At what distances does Archimedes' screw operate ? 885. Wliat 
machine is much used for raising water ? What other application is made of the 
principle it involves? Deseribe the Chain Pomp, and its mode of opcmting. 
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386, Tha Hydraulic Mam. 
■ — TLe Hydraulic Ram was iii- 
veDted in France, in 1796. It 
nuBes water by BucccBsive im- 
pulses, wtiiuh have been com- 
l>ared to the butting of a ram^ 
and hence its name. The re- 
quisite power is gained by mo- 
mentarily stopping a stream in 
its course, and causing its mo- 
mentnm to act in an upward 
direction. 

Fig. 171 rcpreaeniB a simple farm of 
ttie lijdrHulic Ram. To Batreun orrES- 
crvoir at A, is adapted an indmed pipe, 
B, througli wliicb thu walvr that norka 
tlie mm is convejed. Near the lower 
end of the pipe B riaes an atr chiunbor, 
D, with which an upright pipe, F, is ooii- 
□ecled. The paHSHgo couuectiog B with 
the ur-ohamber is wmmanded bj nriilvi^ 
opening upward. At the extremity of 





weight, and allows 
Don, however, Ibe 
Hcquirea nioman- 
!DODgh to rtdae (he 
and eloae the open- 

ttopped. and 

iTOQid be in 

ofbarsliogfWim 



ml Dawribe the bjitn 



164 UYDBAULIGS. 

some of the water to enter. The air in D is at first condensed by the pressure 
of the water thus admitted ; but, immediatelj expanding bj reason of its elas- 
ticity, it drives the water into F, for the closing of the valve prevents it from 
returning to B. By this time the water in B is again at rest, the ralre £ 
opens, and the whole process is repeated. 

By successive impulses the water may be raised in F to a great height. A 
descent of four or five feet from the reservoir is sufiicient. Care must be 
taken to have the valve E just heavy enough to fSetll when B is at rest, and 
not so heavy as to prevent it from readily rising as the momentum of the 
stream increases. The pipe B must also be of such length that the water, 
when arrested in its course, may not be thrown back on the reservoir. 

387. Hydraulic Rams afford a cheap and convenient 
means of raising water in small quantities to great heights, 
wherever there is a spring or brook having a slight eleva- 
tion. They are used for a variety of purposes, and partic- 
ularly when a supply of water is needed for agricultural 
operations. 

EXAMPLES FOB PBACTICE. 

^" Friction « left out qf account in these examples, 

1. (See §856, rule in italics.) Two streams issue from different orifices in the 

same vessel with velocities that are to each other as 1 to 6. How many 
times farther from the surface is the one than the other? 

2. The stream A runs from an orifice in a vessel three times as fast as tho 

stream B. How do their distances below the surface of the liquid com- 
pare ? 
8. In a vat full of beer there are two orifices of equal size; one 9 inches be- 
low the surface, and the other 25. How does the velocity of the latter 
compare with that of the former? 

4. There are three apertures in a reservoir of water, 1, 4, and 16 feet below 

the surface. With what comparative velocity will their streams flow ? 

5. A stream flows from an aperture in a vessel at the rate of 4 feet in a sec- 

ond. I wish to have another stream from the same vessel with a velo- 
city of 16 feet per second. How much farther below the surface than the 
first must it be? 

6. {See % 359.) A vat full of ale, 8 feet high, has four apertures in it, 8, 12, 18, 

and 24 inches respectively from the top. Through which will the liquid 
spout to the greatest horizontal distance? Which next? Which next ? 

7. (See%Bm.) How much water will be discharged every minute from an 

orifice of 8 square inches, the stream flowing at the rate of 5 feet in a 
second, and the vessel being kept replenished ? 



Ita mode of operating. How great a descent is required ? What precautions are 
necessary ? 887. In what case may hydraulic rams be used with advantage ? 
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How much will be discharged every minute from another orifice in 
the same yessel, equally large, but situated four times as far below the 
surface of the liquid? 
6. A stream flows from a hole in the bottom of a vessel with a velocity of 6 
feet in a second. The hole has an area of 5 square inches, and the ves- 
sel is emptied in 15 seconds. How much water does the vessel hold ? 
9. {See § 376.) A stream having a momentum equivalent to 100 units of work 
is applied to an Undershot Wheel ; how many units of work will it per- 
form? — Ana. 25. 
{See % 877.) How many units of work will it perform, if applied to an Over- 
shot Wheel ? 
{See % 878.) How many, if applied to a Breast- wheel ? 
CS!m § 379.) How many, if applied to a Turbine? 
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CIIAPTEE XII. 

PNEUMATICS. 

388. Pneumatics is the science that treats of air and the 
other elastic fluids, their properties, and the machines in 
which they are applied. 

389. Division op Elastic Fluids. — ^The elastic fluids 
are divided into two classes : — 

I. Gases, or such as retain their elastic form under ordi- 
nary circumstances. Some of the gases, under a 
high degree of pressure, assume a liquid form ; as, 
carbonic acid and chlorine; others, such as oxy- 
gen and nitrogen, can not be converted into liquids 
by any known process. 
n. Vapors, or elastic fluids produced by heat fi-om 
liquids and solids. When cooled down, they re- 
sume the liquid or solid form. Steam, the vapor 
of water, is an example. 

390. AH gases and vapors have the same properties. 

88S. What is Pnonmatics ? 889. Into what two classes are clastic fluids divided ? 
What are gases ? What difference is there in the gases ? What are vapors ? 890. In 
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The principles of Pneumatics, therefore, relate to all alike, - 
though they are most frequently exhibited and applied in 
the case of air, with which we have &r more to do tbau 
with any other elastic fluid. 

Air. 

391. Airia the elastic fluid that we breathe. It snr- 
Tounds the earth to a distance of about fifty milea from its 
surface, and forms what is called the Atmosphere. It exists 
in every subBtance, entering the minutest pores. 

392. Vacuums. — Air may be removed from a vessel with 
an instrument called the Air-pump, AVacuura ia then said 
to be produced. Vacuums sometimes result from nataral 
causes; but they last only for an instant, as the surround- 
ing air at once rushes in to fill them. Hence the old phi' 
losophcrs used to say, Nature abhors a vacuum. 

393. Properties of Aie. — Air can not be seen, but it 

Fig. ITS. can be felt by moving the hand 

rapidly tbrough it. It is there- 
fore material, and has all tho 
essential properties of matter. 
394. Air is impenetrable. 

3B5. Tie Dining-btlL—Tbi impen- 

etrebilitjof sir it BbownbrthsDmng- 

bell, represented in Fig. 175. ACUa 

lurge iron rusel, shaped somewbBt like 

an iuTerted tumbler, sod attacbed to a 

chHiu, hj which it is let iowo in the 

I ivuter. Aa tbe ressel descends, the air 

t la condeosed by the upward pres- 

e of the liqaid, and water eaters. 

: lower it gets, the more the air 

compresited, and the grenler the 

ount of vater admitted. Tbc iin- 

lelrnbiiit/ of the air, however, 

keepa the greater part of the bell 

Iff of Pnenmitiea most frcqnenlly e.blhlted, and wbyt 

Lia Vicnumf What did the o!i1 phllosophcre say. and why t 
r 1o ba material r S34. What apparatUB BbowB tbe ImpFDi^tn- 
tIIw the Dlrlng-bell. Kiplala bow desceDti ars made with 
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dear of water, m that Heveral peraoDi maf deutnd in it to Ibe bottom of 

thSBBL 

As Uat wi the air is rit[ated b; the brsuth, it is let off by a stop-cock. 
while fregh air is supplied Irom abiive bj a cnnilensing ayringe, through the 
pipe B. Air may be thiia forced dawn ia aulfieicnl qu*ntilics lo expel iba 
water altogether from the bell, so that the divers can move Bboiit witlioia 
difilcDitf on (he bottom or the sea. If air were not impenetrable, the bell 
would b« filled with water, aod the divers drowned. 

When the diviug-bell was invented, is doC known. Hialory makes do 
Dwation of it before the sLxleeDtb century. At that time, we are told, two 
Greeks, in thsprBBeoco of the emperor Charles V. and several Ibonaandapeo- 
tatoTR, let themselves down under water, ut Toledo in Spun, in a large in- 
verted kettle, and rose again withoat being wet. In ISliS, a kind ofbell was 
employed off the □ebrides, for (he purpose of recorering (he treasure loat 
in BBverBl ships belonging to the Invincible Amiada. From that time to the 
present, roriuus impnivotnents have been made in the diving-bell ; and it ia 
DOW BJttenuvaly used fbr clearing out barbura, laying the roundatiou of sub- 
muine walls, and recoveriag articles luat by shipwreck. 

396. Air is corapresaible. 

Tliis in proved with the diving-bell. If the air ^'» '" ■ 
were not compressible, no water would enter tbe 
bell aa it descended. 

397. Air is elastic. 

This also may be shown with the diving- 
bell. Wl^n, on its descent, water has entureil, 
on account of the air's being compressed, let the 
bell be rwsod, and the sir will resume its origi- 
nal bulk, expelling the water, 

Soltli Jmpa, — The compressibility and eluBtidljoTairmay 
bceihibtted in an omosiug way with the apparatus represent- 
ed in Fig. V!6. Ia a vessel nearly full of water are placed Bev- 
oral smdl ballooLia, or hollow flgnres of men, Ac, made of col- 
ored ghiss, and called Bottle Imps. Each figure has a litllo 
hole in Uie bottom, and is of anch specific gravity that it will 
juat Boat in water. A pioco of (hin India mbbar ia tied over 

the external air. Now press on the indlarnbber cover. The *"™-» —» 
water at once Iraosmita the pres-iure to the oir in tlie botlow figures. This 
airiacondcnaed, water enters, the specific gravity of tlie figures is increased, 
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and they descend. On remoying the fingers from the cover, the air, bj 
soEi of its elasticity, resumes its original bulk, and the figures rise. By thus 
playing on the india rubber, the figures may be made to dance up and down^ ^ 

398. Mariotte^8 Law. — ^The elastic fluids are the most 
easily compressed of all substances. The greater the pres- 
sure to which they are sicbjected^ the Usa space they occupy^ 
and the greater t/ieir density, A body of air which under 
a certain pressure occupies a cubic foot, under twice that' 
pressure will be condensed into half a cubic foot ; under 
three times that pressure, into one-third of a cubic foot, <fcc. 
This principle, variously stated, is called, from its discov- 
erer, Mariotte's Law. 

The more the elastic fluids are compressed, the greater 
is their resistance to the pressure. Hence, their elastic force 
increases with their density. 

399. The Air-gun. — ^By subjecting a body of air to a great pressure, we 
may increase its elastic force sufficiently to produce wonderful effects. The 
Air-gun is an example. It consists of a strong metallic vessel, into which 
air is forced till it is in a state of high condensation. The vessel is then at- 
tached to a barrel like that of an ordinary gun, to the bottom of which a bul- 
let is fitted. Pulling a trigger opens a yalve, the condensed air rushes forth, 
and drives the bullet out with great force. 

One supply of condensed air is sufficient for several discharges, though 
each is weaker than^ the preceding one. The labor required for condensing 
the air prevents this instrument from being much used ; but as it makes less 
noise, when discharged, than the ordinary gun, it is sometimes employed by 
assassins. 

400. Air has weight. 

Weigh a flask full of air, and then weigh the same flask 
with the air exhausted. The difference indicates the weight 
of the air contained. 

401. Experiments show the weight of 100 cubic inches of air to be about 
31 grains. This makes it 815 times lighter than water. It has been com- 
puted that the weight of the whole atmosphere surrounding the earth is equal 
to that of a globe of lead 60 miles in diameter. 



explain the principle on which they dance up and down. 898. What substances are 
the most easily compressed ? What is Marlotte'a Law ? To what is the elastic force 
of gases and vapors proportioned ? 899. How may a body of air be made to produce 
wonderful effects ? What instrument proves this ? Describe the Air-gun, and its 
operation. Why is not the air-gun used more ? By whom is it sometimes employed ? 
400. Prove that air has weight 401. What is the weight of 100 cubic inches of air? 
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Atmospheric PreMmre. 

402. The particles of air, like tliose of the other elastic 
fluids, mutually repel ciicli other. The atmoapliere would 
therefore spread out into space, and betwiae exceedingly 
rare, if it were not for the attraction of the earth. Thi 
prevents it from extending more than fifty miles from the 
■urface, and gives it weight. 

403. Since air has weight, it eserta a pressure on all 
I teiTCatrial bodies. This is known as Atmospheric Pressure. 

The pressure on any given body is equal to the weight of 
the column of air resting upon it, and therefore Fig. in. 
varies according to its size. 

40i. Experiments. — The pressure of the 
atmosphere is proved by experiments. 

Sjprrimeni 1. — Take a common syriitgc, represeDt«l ia 
Fig, ITT, mid let Hie piston, P, rest on the bottom of tb« bur- 
Tcl. iDsert Uie nozzle, 0, in a, rcssel of nater, imd mise ihc 
pialon. The water enters through 0, and fblloiTd tbe pUtoa, 
OS ahown in the Figure. 

What causes the water to rise t The pistoD, being air- 
tight, u it is diiiwn up, Icares a vacuum behind it] and the 
preanire of the atmoBphere on the water in tbe vessel drive* 
it into Ibe barrel through 0. If the piaton does not Bt tbe 
barrel tigbU; enouKb to excluds the air above, no water 
enlera, bflcanse the presBure of the air from without is then 
coanterbaliinced bj that from within the barrel. 

ffliy. a.— Take a small tube, cloae one end wil]i the * 

floger, fill it with water, and carefully invert it, aa 
«hown in Fig. 173. The water ia kept id tbe tube by 
Dlmoapheric pressure. Remove Iho finger, Hud the 



downward prvsiure of the n 



fire cut off; will c. 






frbalonce tbe upwnrd pressure, 



•rwiil fall bj- ilaown weight. 
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What iB tha weight of tlie wholo atn 
ftom spreading oat Into ipiiuot 403. 
iplii-rln pri«aaru( To what h 
f 404. Desorlke tbe Biperlmn 
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Fig. 179. 




niB BELLOWS. 



the haDd. the water will be found to remain in the glass, supported there by 
atmospheric pressure. 

Eixp. 4. — When we raise the top board, 
A, of a common bellows (see Fig. 179), the 
valve B in the lower board opens. This is 
because a vacuum is formed within the bel- 
lows, and the atmospheric pressure forces 
the valve up and drives in a portion of the 
external air. 
The same principle is involved in the act of breathing. The cells in the 
lungs are expanded bj muscular action, a vacuum is thus formed, and the 
pressure of the atmosphere drives in the outer air through the nose or mouth. 
In a few seconds the muscles contract, and the same air, laden with impuri- 
ties received from the blood in the lungs, is expelled. 

Fig. 180. 405. The Sucker, a play-thing used by 

boys, shows the force of atmospheric pres- 
sure. It consists of a circular piece of 
leather with a string attached to the mid- 
dle. The leather, being first wet so that it 
may adapt itself to the surface, is pressed 
firmly upon a flat stone. The string is then 
gently pulled, so as to form a vacuum be- 
tween the leather and the stone. On this, 
the atmospheric pressure from above, not 
being counterbalanced from beneath, acts 
on the leather with such force that a stone 
of great weight may be lifted without the sucker's becom- 
ing detached. If a hole is made in the leather, air rushes 
in, the pressure from above is counterbalanced, and the 
stone &ll8 by its own weight. 

It is bj means of atmospheric pressure that the shell-fish called limpets 
fasten themselves bo firmly to rocks, their feet acting like suckers, and 
vacuums being formed beneath when an attempt is made to remove them. 

406. Supported by the pressure of the atmosphere below, while it is cut 
off from that above, a liquid will not fiow from the tap of a barrel unless a 
small opening is made in the top. . As soon as this is done, air is admitted, 

the experiment with a small tube that proves the pressure of the atmosphere. How 
may water be supported in a wine-glass by atmospheric pressure ? How is the preg- 
sare of the atmosphere exhibited with a common bellows? How do we breatlie? 
405. Fxplain the principle involved in the Sucker. How do limpets fiisten themselves 
to rocks ? 406. Why, when a barrel is tapped, most a hole be made in the top ? 
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407. TtiK Eakometkr. — ^Thc proasure uf ibe atmosphei'o 
differs at different times and differeut placea. To measure 
it, an inatrumeiit (tailed the Barometer is used. 

The barometer was invented about the middle of the 
seventeenth century. It was the result of a celebrated ex- 
periment performed by TorricelU [io-re^hd'-le\, the friend 
and pupil of Galileo. 

40?. TbrriceUian Sjj/erimml.—Vbe Duke of Tuaoany, having dag a well 
■r great depth, and tried to raise watsr boiB it with ui ordinniy pump, fbuiid 
to his siirprigB that the water would Dot rise mare than S2 feet. Galill», to 
whom the &ot wm referred, was uuable to explain it; but shortly before hia 
death ho requested Torricelli lo investignte the subject Torricelli, 
BBspectiug that tho water was roieed and supported by Btmospheric 
pressure, proceeded lo teat (he trulh of his opinion by experimuDt- 
ing with a column of mercury. Mercury is aearty 11 times as hear/ 
as water; if, therefore, afmoapherio pressure supported a onlumu 
of water 8^ feet high, it would support acolumu of mercury only 
aboot one-fourtecolh of that height, or SB inches. Accordingly, he 
procured a tube 3 feet long, sealed atone end; aod having Oiled it 
with mercury, and stopped the open eud with bis Bnger, he invert- 
ed the tube in a Teusel of meroury, as shown in Pig, ISl. When ho 
remored his finger, (he mercury fell, and finally settled, as he had 
supposed it would, at a height of about 23 inches, leaving a vacuum 
in (he upper part of the tube. This is the famous Torricellian Yac- 



Torrioellid 
philosopher, F 



rt of the tu 

I not live lo follow np his discovery; but the French 
scat, succeeded bim with s variety of ingenious ex- 
iccurred to Pascal that, if the columns of water and 
mercury were supported by the preasnra of the atmosphere, (lieu 
st great elevationa, where thia pressure would neceissrily be less, 
the height of the columns supported would also bo less. He tried 
the experiment on a mountain in Auver^ne [o-rSrn']. At the foot 
of the mountain, the mercury stood at SB inches; at the top, it was 
buiow 25 ; and at intervening distances it stood between the two. 
This proved beyond doubt (hat (he atmosphere exerted a. pressure, 
and that this pressure varied according to the distance above the 
level of tho sea. Perceiving bow valuable such an instrument wanlr 
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401. What Is the Bnromcterl Wlien wna U ]n\ 
m. B.,liite tbe olrcumatanees that flnl illre<-lc.] 
iMount i.f Torricelli^ c]iiK,rim*nt. What Is r 
Who fuljowad up TDtrioulli's discovery! Oivo 
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4O0, ^inda of Barometers. — There are several kinds 
of barometers. Tbe simplest consists of Torriceili's tube 
and vessel of mercury, with a graduated scale attached to 
the upper part. The mercury never rises above 31 inches, 
and seldom &11b below 27. The scale ia therefore applied 
Fig. 1SS. only to that part of the tube which lies 

between these limits. 

The Wheel Barometer is exhibited 
iu Fig. 182. 

Here the tabe, iaBtead of resting in & reaiiel of 
mereory, is bent upward at its lower eitremity. 
A float, F, is supported bj the mercar? ia the sbort 
ana of the tube. To thia Soat is attached a thread, 
wbicb passes orer the pullej- P, uid is attached to 
■ ball W. When the mercury falls in the long 




iofthetBbe,it 



t F. The 



with it risea the fl 

pnllej P, and this mOTes tbe index I, which is go 

arranged as to IraTcrse the graduated acatc S S. 

410. ITie Barometer as a Weatker- 
guide. — ^The barometer shows that the 
j>res3Ure of the atmosphere at any 
given place is different at different 
times. This is because the air is con- 
stantly varying in density, on account 
of a greater or less intermixture of for- 
eign substances. When the Mr is 
densest, the mercury stands highest, 
and we generally have clear weather; 
but, when the air is rarefied, the mer- 
cury falls, and rain not nnirequently 
follows. Hence, the barometer has been used for predict- 
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i. Otwliat doea tha rimplut kind of barometer cansl; 

j the scale nnflned, and why r Dewribe tbe Wheel 
etcr.anilita mode of operatjoa 410, What does the barumeter show nith r« 
tbe proBsnre uT tba stmoiphere T What occsaloDs this diflerenee T When tb 
IcBsast, whatgeneralljfbllOHaT When it It rarafied, what Ktllows t Inileff 
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iny clianges of weather; and the words fair, ouanqb, bain, 
are plaued at different points oa the scale, to indicate the 
weather which may he expected when the mercury reaches 
either of those levels. 

111. Tbe only reliable mdicalians, howETCr, nflordcd hj tha barometer 
aie ciaiiffa ia iha level of Uie mercary. Ko regard alionld be puid to llie 
particulitr point at irliich it stands at any gireo time ; we iliiiuld merely oak, 
ia it riaing or falling f The fbllowing mlea geoerall; hold good : — 

1. After much dry wenther, if the mercnry folia Bteodil;, rain will ensu«, 

though it may not begia for aercrol days. The longer it ia in com- 
ing, the longer it will lut. 

2. After much wet weather, if tho mercury, stBBding below its medium 

heijjht, rises steadily, Que weoUier will ensue, though it may not he- 
gin focBeyeral days. The longer it is in coming, the longer it will last 
t. A Eudden &II of the barometer, in spring or foil, indicates wind ; in 
Tery hot weather, a thunder-storm ; in winter, a change of wind, and 
rain or snow acaording to tho temperature. 

roury indicate violent changes of the wealiier, 

a, after much wet and windy weather, indi- 



i. Sudden changes of thei 

but not permaneot oni 

G. A rise of mercury in am 

catea the Rpproach of cold. 

412. At sea, the barometer may be relied on witb tole- 

rable certainty, and it is therefore exceedingly useful to 

na^igatorB. Violent and frequent changes in tlie mercnry 

almost invariably precede a sudden stomL Warned m 

time, the prudent mariner furls his s.iils, and thus escapes 

the fiiry of the hurricane which would have proved fatal to 

his eraft had it struck her unprepared. 

Dr. Arnott gives the following acconot of his presarva^on at se* throngh 
the warning of the barometer : — " It was in a BOnthom latitude ; the sun 
had just set with placid appearance, dosing a beautiful aftBrnoon ; and tho 
uaual mirth of the Bvaning wotoh was proceeding, when tho captain's order 
came to prepare with all haste for n storm : the barometer had beguu (o fall 
with appaUing rapidity. As yet the oldest sailors had not perceived even a 
threatening in the sky. and were surpria«d at the extent and hurry of the 
preparation; but the required preparations were not completed, when a more 
awfiil barricsne burst upon them than the mostexiKrienced bod ever braved. 

only reliable indl- 
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XothingeoQldwilbatwid il; the wili. Jready furled and doselrbonnd M 


Uw janls, were riren uwnj in tallara; eiea tlie biire yiuiia nnil muala were 


la trcl purt di™bl«l,.aiid at ous lima the whulu rigging bad ncnrly fallen 


by the U-nrd. In thai awful nighi, but for the Utile tube of niercun- which 


bod ipteo the warning, neither the etrength of the noble ship nor the skill 




413. Dbssitt of the Ara at different Levels. — ^The 


lowest parts of the atmosphere are the densest, as they 
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that a colunm of it 30 miles high weighs no more than an 
equal column of mercury 1 inch in height. 

The shading in Fig. 183 shows the gradual increase in the density of the 
air as the surface of the earth is approached. The figures in the left margin 
represent the height of the atmosphere in miles ; those on the right, the cor- 
responding height, in inches, at which the mercury stands in the barofneter. 
On the top of Mount Mitchell and Mount Washington, the most elevated peaks 
in the United States east of the Mississippi, somewhat over a mile high, it 
stands at 24 inches ; on the highest peaks of the Himalayas and Andes, which 
are about five miles high, at no more than 12. 

416. The rarity of the air is painfully felt by those who 
ascend to great heights on mountains. The pressure of the 
external air being diminished, that which is in the body 
expands, the delicate blood-vessels burst, the skin cracks, 
and blood issues from the nose and ears. Among the Andes, 
the Indians are subject to a malady called veta^ which is 
caused by the rarity of the air. The head aches violently, 
its veins are swollen, the extremities grow cold, and breath- 
ing becomes difficult. 

Effect of Sleat on Air. 

417. Air is rarefied by heat. 

Throw some burning paper into a wine-glass, and before the flame goes 
out place your hand over the top. The glass will be found to adhere to your 
hand. This is because the heat rarefies the air within, and thus expels most 
of it before the top is covered. The pressure of the external air, not being 
counterbalanced by any pressure from within, fastens the glass and hand 
together. 

418. Cupping-glasses are made to draw on this principle. Incisions hay- 
ing been made in the skin, the sides of the glass are moistened with alcohol, 
and flame is applied. While the alcohol is burning, the glass is inverted on 
the skin. The pressure of the air in the body, no longer counterbalanced by 
the external pressure, causes a flow of blood into the cup. 

419. Heated air, being lighter than that which surrounds 



do wo not feel this pressure ? 415. What is said of the air, as we ascend above the 
«ea-level ? How would the mercury stand at a height of 18 miles? What does Fig. 
188 show ? How does the mercury in the barometer stand on the top of Mount 
Mitchell ? On the tops of the Himalayas ? 416. What sensations are experienced 
by persons who ascend to great heights on mountains ? Describe the symptoms of 
the veta. AVI. What is the eflect of heat on air ? How may the rarefaction of air 
by heat be shown ? 418. Explain the operation of cupping-glasses. 419. Why does 
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it, ascends till it reaches a region of the atmosphere as rare 
as itscl£ 

This is the reason why smoke rises. So, when a fire is kindled in a grate, 
a draft is produced in the chimnej. The air near the fire is rarefied and as- 
cends. A yacnnm is thus formed for the instant; cold air rushes in to fill it ; 
this in turn is heated and rises, and thus there is a constant passage of hot 
air np through the chimnej. 

To show the ascent of hot air, take a circular 
^ _ piece of paper, as represented in Fig. 184, and, 

commencing at any point of the outer edge, as 
A, cut in the direction of the dotted line. Sup- 
port it from beneath at B on a piece of wire, and 
it will hang down, resembling in shape the 
threads of a cork-screw. If the paper thus sus- 
pended be held over a hot stove, it will be carried 
rapidly round by the ascending currents of heat- 
ed air. 

420. Balloons. — ^By observing the rise of smoke, Ste- 
phen and Joseph Montgolfier [mon-gol^e-d^^ paper-manu- 
facturers in France, were led in 1782 to the invention of 
balloons. The following year, they exhibited their invention 
to the public. 

An immense bag of linen lined with paper was prepared, and brought di- 
rectly over a fire of chopped straw. In a few minutes, the balloon was filled 
with rarefied air and released from its fastenings. It rose about a mile, re- 
mained suspended ten minutes, and reached the ground a mile and a half 
from the place of its ascent. The same year, two persons ascended to a 
height of 3,000 feet in the basket of a smoke balloon, and came down in safety. 

On the Ist of January, 1784, a successful ascent was 
made in a balloon inflated with hydrogen. This gas is now 
generally used for the purpose, on account of its superior 
buoyancy. Even when badly prepared, it has but one-sixtli 
of the weight of air, and is three times as light as Montgol- 
fier's mixture of heated air and smoke. 

421. Balloons have not as yet been turned to any practical use, from the 
fact that they are completely at the mercy of the wind, no way of steering 
them having been devised. A theory has lately been put forth, however, 
that at a certain height of the atmosphere cun-ents are always setting from 



heated air rise ? Explain how the kindling of a fire causes a draft In a chimney. How 
may the ascent of hot air be shown ? 420. By whom and when were balloons invent- 
ed ? Describe the Montgolflers^ balloon, and Its ascent When was the first success- 
ful aseent made in a balloon Inflated with hydrogen ? Why is hydrogen now used for 
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west to east ; if this be so, aerial yojages maj be made with tolerable cer- 
tainty, at least in one direction. The theory in question has been in part 
confirmed by a balloon voyage (the most remarkable on record) made July 1, 
1859. Four persons started from St. Louis, and in 19 hours, 40 minutes, laud- 
ed in Jefferson Co., N. Y., near Lake Ontario, — haying trayelled about 1,000 
miles, at a rate exceeding that of the fastest railroad train 

422. Long before the invention of balloons, attempts were made to navi- 
gate the air. At different periods not long- after the Christian era, adventur- 
ous men launched themselves from the tops of high buildings, and with 
different sorts of apparatus which they had prepared moved a short distance 
through the air. Mechanical contrivances resembling wings were more than 
once resorted to ; but several who tried them met with serious accidents, 
and it was at last proved that wings suf&ciently large to support a man in 
the air would be too heavy for him to move. 

Tbe Air-pump. 

423. The Air-pump ig an instrument Fig. 185. 
used for removing the air from a vessel 
called a Receiver. Receivers are made of 
glass, and are usually of the shape repre- 
sented in Fig. 185. 

424. Invention of the Air-pump. — 
The air-pump was invented 1654 a. d., by 
Otto Guericke [gd'-re-Jca]^ burgomaster of a reckivbr 
Magdeburg, Germany. 

Guericke's first attempt to obtain a vacuum was made 
with a barrel full of water. Having closed it tightly, he 
applied a pump to the lower part and commenced drawing 
off the water. Could he have done this and kept the air 
out, a vacuum would have been formed ; but he had not 
proceeded far, when the air from without began to force 
its way with a loud noise through the seams of the barrel. 
To remedy the difficulty, Guericke substituted a metallic 
globe for his barrel of water, and the experiment was then 
successful. 

inflating balloonB ? 421. Why have not balloons been tamed to practical use ? What 
remarkable voyage has lately been made ? 422. Give an account of the early at- 
tempts to navisrate the air. 428. What is the Air-pump ? Of what are receivers made ? 
424. By whom and when was the air-pump invented ? Give an account of Guericke's 
first attempt to obtain a vacuum. How did he finally succeed ? Describe Gue- 

8* 
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GrMt improTeoMnts hare been made on the mde air-pnmp employed bj 

Gaericke; jet, imperfect as his instniment was, it produced results of deep 

interest to the learned men of that day. His most famous experiment was 

X>erformed before the Emperor of Germany and his oourt. Two h<dlow me- 

Fig. 136. tallic hemispheres of great size were prepared, fitting each 

other so closely as to form an air-tight globe. From this 

globe ibe air was removed with the pump, and a stop-cock 

prerented any new air from entering. Fifteen horses 

were then haimessed to each hemL^here ; but their united 

strength was unable to effect a separation, so tightly were 

the two parts held together by atmospheric pressure. On 

turning the stop-cock and readmitting the air, they fell 

asunder by their own weight. 

425. This experiment is often repeated at the present 
day, on a small scale. The Magdeburg hemispheres, as thej 
arc called from Guericke's native city, are represented in 
Fig. 186. They are fixed to the plate of an air-pump, in- 
stead of a receiver ; and on exhausting the air they are 
MAoiiRiirRo pressed together so tightly that two men can not pull them 
BKMisriiKRBs. apart. 

426. Single-barrelled Air-pump. — A single-barrelled 

Fig. 18T. air-pump is repre- 

sented in Fig. 187. 
A is a receiver with 
its edge carefully 
ground, resting on a 
plate near the centre 
of the stand. In 
this plate there is a 
hole leading into a 
pipe beneath, which 
connects the receiv- 
er with the barrel B. 
The lower part 
of the barrel is rep- 
resented as cut away 
in the figure, in or- 
der to show the interior. A piston is tightly fitted to it, 
containing a valve opening upward, and connected with a 
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ricko's famous experiment before the Emperor of Germany. 425. Describe the ex- 
periment with the Itfagdeburg hemispheres. 426. Describe the single-barrelled air- 



handle, which ia either like that shown in the figure, or more 
commonly^ a lever like a pump-handle. At the base of 
the barrel there is another valve, also opening upward. 

4SiT. operation. — The pl&te having been carefully dusted sud rubbed wilb 

nlitllo oil, tberocalrsr is placed ou it, and the piaton is drawn up. A cuc- 

niim is tbua formed ia Iho lower part of Iho ejiinder, and Hie »ir in Iho re- 

lion of ita elaatjoily, piiahea up the lowec Tulve nod enlara tLa 

barrel. The piatoa ia Dn>r in turn driTen duwo; tba prossuce nl once clo»?s 

In the piston. Through the latter the air poasea out, and bj Che lluie Ibe 
^iBton bu reouhed the bottom, it bos all oseaped. The pistun ia then again 
raiaed, and the whole operation ia repeated, — a batrcl-tull of air being drnwD 
a of\en as the piston ascends, and expelled tVom the 
barrel aa it deacends. At loat the sir in (he red 

has not aiifficient elaaticit; lo open the Talvc at the boae of (h^ barrol. After 
tiiia the eibauation cau not he carried «a/ rnrther. A perfect yticuum, Ihere- 
fuce, is not produced; but the sir is rarefied to such a degree thut wo speak 
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428. Double-barrelled Air-pump. — ^The double-bar- 
relled air-pump (Fig. 188) acts on the same pHnciple as 
the single-barrelled pump, but exhausts the air more rapid- 
ly in consequence of having two barrels, A, B, and two 
pistons, C, D. Each piston is connected with a rack, E, F, 
the teeth of which work in a cog-wheel turned by the 
handle G M. When one piston is raised, the other is low- 
ered. H I is a passage which connects the barrels with 
the receiver J. K is a stop-cock, by which the connection 
may be cut off. L is a barometer gauge^ enclosed in a glass 
Vessel which communicates with the receiver ; it is a bent 
tube, having one branch closed and filled with mercury, 
while the other is open. When the pressure of the air in 
the receiver becomes less than that of the column of mer- 
cury in the closed branch of the gauge, the mercury in 
the latter falls, and the elastic force of the air at any mo- 
ment is shown by^ the difference of level of the mercury. 

429. Experiments wrrn the Air-pump. — ^With the air- 
pump and different pieces of apparatus which accompany 
it, may be performed a variety of experiments, illustrating 
the properties of air. 

j,j ^^ 430. The JTand-glcufs.— The Hand-glass (Fig. 190) 

is a receiver open at both ends. Set the large end 
on* the plate of the air-pumpy and place the hand 
flat upon the top. As soon as the pump is worked, 
the pressure of the atmosphere is felt When the 
air is exhausted, the hand can hardly be removed 
from the glass ; on readmitting the air through a 
stop-cock, it is raised without difficulty. The ex« 
p&nsion of the air in the palm of the hand is shown 
THK HAND-GLASS. ^ *^® rcdncSs of the flesh, and its puffing out while 

over the exhausted glass.' 
431. The Apple-cuUer. — The Apple-cutter (Fig. 191) is a metallic cylinder 
with a sharp upper edge. An apple that fits it closely having been placed 
on its top, the air is exhausted. The pressure of the atmosphere forces the 
apple down on the sharp edge ; the middle part is cut out and falls inside of 
the vessel. 




pump, as shown In Fig. 187, and its mode of operation. Describe the double-bar- 
relled air-pump, with the aid of Fig. 188. What is the use of the l>arometer gauge ? 
430. What Is the Hand-glass ? Describe the experiment with the hand-glass. What 
causes the redness of the hand ? 431. What is the Applo-cutter ? De8crib« the ex- 
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Fig.lBl, «2. TJu-JHaddtr-j/laa.—OvBTihe largo 

end of tbe band-glssg tie a net bladder. OB 

BbnwQ in Pig. 192. Whca the bladder ti.ut 

became drj, pluce the open end on tbe ptstr, 

ftnd exhaust the air (rnm tbe ^uas. Tbe 

presBure of tbe *ttn<>apbers, onsuppurtod 

' a, soon burets the bladder wEtb a 

IT a piece of thio iadia nibbi-r 

lied Tor (be bladder, it nill be 

drawn in and dielended, till it cavera ncar- 

OBrraa. ij the wboleiniiidB of the gtaas. 

4SS. Tht ZuBjf-j/oM.— The Luoga-glasa (Fig. WS) illos- 

Intes (he elaaticitj of air. It ia a sinull glasa globe nitb 

• metallic Btopper. Through tliis stopper passes a tuba, 

to the lower part of nhich a bladder is tied, TbeTrboleis 

placed under a reoeJTer, and the air exhausted. The ujr 

in the bladder, eommuDicating through (he tube with the 

rcceirer, is grndnnlljr rarefied. The idr nrouod it in the 

Fig. tsi. ^nsB, having no communicDlion 

with thi 

e donsilj. Owing to its pres- 
sure, the bladder beeomeashrirellud 
when tlie receiver is eibaosted; 
but, on the nSdmissLOu of tbe air, It : 
dlmenaioDB. This niovcment, regularlj- repeated, 
sembles tbe action ofthc lungs in breathing, and hem 
tbe name giveo to the apparatus. 





p<<rini"aL with Ibo apple -cutter. <33. Ho« 
pDrfonnoil! 48a.Wb»taouitlieI.nnB>-elasj 
terlbe tbBesimrlment Why U(hE<Iuuse-Eli 
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Fig. IK. > glui Testwl vith lo ^-tight stopper, through which ■ 
tabe extends almast to the bottom. The vessel, oearlj filled 
with water, is placed under ■ tall receiver, aod the air ei- 
hauBted. The elasticity of the aic within the vessel, not be- 
ing counterbslanced b7 any pressure from without, forces the 
water through the tube in the form of a fountain. 

485. BoUU Intpi.—lhe bottle imps, described in ; 397, 

msj be made to dance up and down in a jar of water in id 

exhausted receiver. These figures ore hollow and contutk 

air. When the receiver is eihansted, the pressure on Ibe surface of the 

water being removed, ibe air in the figures expands and drives out some of 

the water. This diminishes their specific gmvitj, and causes them (o 

Fig. l»a. rise. When the ajr ia readmitted, the pressure is reslored, 

the air in the figures is compressed, water eutere, Iheir 

specific gravity is jocreased, and tbej sink. 

43fl. Thi Mtreury Shovur.—On »a open-mouthed re- 
ceiver, D, placo the cup A, in the bottom of which is a plug 
of oalc wood, B, projecting downward about two inches. 
Put some mcrcurf in A, and set the aaucSr C beneath tlie 
oalien plug. Exhaust the air from D, and the mercury 
will soon bo forced by atmospheric pressure through the 
pores of the oak, and fall into the saucer in a silvery 
, sbower. 

43T. The WagU-lifier.— This is au apparatus with 
which the pressure of the atmosphere is made to lilt a 
heavy weight (see Fig. 107). A is a cylinder attached to a frame, firmly sup- 
ported by three legs. On the bottom of the cylinder rests a cloaeLy fitting 
piston, to which the plgitform F ia attached. A tube, B C, connects the in- 
terior of the cylinder with Uie plate E of the pump D. When the air is ex- 
hausted from A, the pressure of the atmosphere raises tbe piston, together 
with the platform and its contents, the whole length of the cylinder. Almos- 
pberic pressure being 15 pounds to the square inch, the number of pounds 
Ihat can he lifted by a given cylinder may be found by multiplying its area 
expressed in inches by 15. 

4S8. Atmospherio pressure has been turned to practical account for the 
transmission of mBils, on the principle of tbo weighC-lilter. A strong 
metallio tube, perfectly smooth on the Inside, is laid between two places, 
and a piston Is tightly fitted to it. Large air-pumps, worked by steam, 
are placed at the ends of tbe tube. The mail being attached to the pifitou 
at one end of the line, tbe air-pump at the other is set in motion. A par- 
tial vacuum is produced, and atmospheric pressure drives the piston through 
tlie tube with great velocity. Atmospheric railways have been constructed 
on the Bsme principle, a Irnin of oars outside of the tube heing connected, 
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mamifiT deHcribed above. 

43V. Vaeuum Bell.— Tbie nppnrulnB ia InteodcJ 
Id ahawtbut air is essential to the production of 
sound. A bell is so SseA uadur a Fecetrcr tbat it 
can be rung by pushing down a Bliding-rod which 
passes through the top. IIThen rung bBfore the le- 
rairer is exhaustGd. tbo bell is distinctlf heard ; 
but, whtin the ur is wilbdranu, it ia almost inaudi- 
bio. If a perfect vaoauin could bo producod, it would 
not be heard at all. 

410. Fnaiim AppaTotia.—'WaixiT mny be frozen 
in a Tacuum, with (lie apparatus shown iu Fig. lUn. 
HsTing placed tiio liquid 
in a Bhaltow TCssel over a 
basin containing alrong 
Rnlphiiric acid, act tho 
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Bure, the water is rapidly converted into vapor, which is as rapidly absorbed 
by the acid. The contiDued evaporation cools the water to such a degree 
that it is finally covered with ice. 

441. Wscdlaneous Experiments. — In a vacuum, boiling commences at a 
much lower temperature than in the air. This is shown by placing some 
hot water under a receiver and exhausting the air. The pressure of the at- 
mosphere being removed from its surface, the water soon boils ; but it comes 
to rest the moment that air is readmitted. For the same reason, water boils 
at a lower temperature on the top of a mountain than at its base, as has often 
been observed by travellers. 

442. If beer is placed under a receiver and the air exhausted, it begins to 
foam. This is owing to the elasticity of the carbonic acid in the liquid, rush- 
ing out to fill the vacuum. K the air is readmitted, the beer resumes its 
usual appearance. 

443. A shrivelled apple in an exhausted receiver is puffed out to its full 
size by the expansion of the air within. 

444. If a vessel of water containing a piece of wood, a vegetable, or al- 
most any solid substance, is placed under a receive, and the air is exhaust- 
ed, minute globules of air can be seen forming on the surface of the solid, 
and sometimes even bubbling up through the water. This proves the poros- 
ity of solids and the presence of air in their pores. 

445. A lighted candle in an exhausted receiver is extinguished, and the 
smoke falls because it is heavier than the rarefied air. If a mouse, rabbit, or 
other living creatui*e, is placed under a receiver and the air is drawn off, it 
immediately shows signs of distress, and soon dies. 

446. These experiments show that air is everywhere 
present, and is essential to life and combustion. In a vac- 
uum, animals die, vegetation ceases, and sound can not be 
produced. 

Tlie Condenser. 

447. The Condenser (Fig. 200) is an instrument used 
for forcing a large quantity of air into a given vessel. 

Like the single-barrelled air-pump, the condenser con- 
sists of a cylinder. A, with a valve at its base, V, and a pis- 
ton, P, which also contains a valve, tightly fitted to it. 



Ing apparatus, and the experimont with It 441. At what temperature does boiling 
commence in a vacuum, compared with that at which It commences In the air? 
How 18 this shown? What is said of the bolHng of water on the top of a mountain ? 
442. What phenomenon is presented when beer is placed under a receiver and the air 
exhausted? 443. When a shrivelled apple Is so placed? 444 How Is the presence 
of air in the pores of solids proved with the air-pump ? 445. How is It shown with 
the ail-pump that air is necessary to c<»mbu8tioa and animal life ? 447. What is the 



THE CONDmraKB. 

Instead of opening upward, however, aa in the 

air-pump, these valves open downward. 

448. Operation. — The condenser having; been 
screwed to any strong vessel in which it ia desired 
to condense air, tlie handle is worked up and 
down. A vacuum being prodnced below the pis- 
ton, as it ascenda, its valve is opened and air 
Tushea in ; while the valvB in the cyhnder ia closed 
by the pressure of the air in the veasel. When 
the piston descends, its valve ia closed by the 
pressure of the air in the cylinder, while the other 
valve opena and allows thia air to be driven into the vessel. 



With every ascent of ihe piston, tberefoi 
filled with air, and with every descent 
this cylinder-full of air is forced into 
the veasel. 

Air ia condensed in the chamber of 
the air^n (described in § 3S8) by the 
use of this instrument. 

4tD. Es^erijMJii. — An interesting experiment 
miiy be performed with the condenser nnd tbe ap- 
pm^toB reprBseoted in Fig. BOl. A ia a globe half 
fall of fitter, with n tube, B, reoeliiog nearlj to the 
bottom, and oitending upward tlirougli an uir-tight 
Gap till it terminates in a screw juat alxivo the Btop- 
cock D. Tbe condenser, having beoD acrcwed on, 
is worked till a large quantity- of sir ia forced into 
A. Tbe Btop-cock is then cloaed, tbe condenser is 
nnaorewed, and a jet-pipe, C, is put on in its place. 
The atop-cook ia niiw opened, when the prtSBure of 
the condeuaed air, being greater than that of the 
stmospherc, forcoa the water in A np through the 
jet, making a beautiful Tountain. — This experiment 
■hows tliat the elasticity of air is increased bj 
otmdcnaing it. 



!, the cylinder 
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Piicninatic and Hfdranlic macliines. 

450. The Siphon. — The Siphon, represented in Fig. 
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202, IS a simple instrument for drawing off liquids from a 
higher to a lower level. It is nothing more than a bent 
tube, with one leg longer than the other. 

Fis 902. '^^ "^^ ^^^ siphon, fill it with some liquid and then invert 

it, stopping the long end with the finger, and setting the short 
one in the liquid to be drawn off. Remove the finger, and the 
liquid will commence flowing from the long end. The upward 
pressure of the atmosphere is counterbalanced bj its down- 
ward pressure on the surface of the liquid to be drawn off, and 
the liquid in the tube will therefore flow in the direction of its 
greatest weight. As it flows, a vacuum is formed in the tube, 
and fresh liquid is constantly forced up into the short leg. 
The flow continues till the liquid falls below the extremity of 
the short leg. 

451. Some siphons, like that in the figure, have an addi- 
tional tube, open at the upper end and at the lower communi- 
cating with the long leg. This saves the trouble of turning 
the siphon, every time it is used, to fill it with liquid ; for, 
TUB siPHOw. ^jjg jQjjg jgg being stopped with the finger and the mouth ap- 
plied to this additional tube, the liquid may by suction readily be made to 
fill both legs. 

452. Tantalus's Cup. — ^Fig. 203 represents Tantalus's 
Cup, which is simply a goblet containing a siphon, the short 
Fiff. 2oa leg of which reaches nearly to the bottom, 
while its long leg passes through the bottom 
and extends below. The siphon is concealed 
by a figure, which seems to be trying to 
drink. Water is poured in ; but, the mo- 
ment it reaches the lips of the figure, it re- 
cedes, because just then it passes the turn 
of the siphon and begins to be discharged 
below. 

TANTALUS'S ciTP. 453. The Lifting-pump. — ^The Lifting- 

pump was invented by Ctesibius {te-sib'-e-us'l^who flourished 
at Alexandria, in Egypt, 250 b. c. Though the son of a 
barber and brought up to his father's calling, he attained 
distinction by his mechanical abilities. Several ingenious 

is the Siphon ? How is it used ? Explain the principle on which it works. 451. What 
Improvement is attached to some siphons ? 462. Describe Tantaluses Cup, and the 
principle on which it works. 4SS, Who invented the Lifting-pump ? What is said 
of CtesibioB? 454. Of what does the UlUng-pump consist f 405. Deaeribe its mode 
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TUE LIFnNa-PUMP, 

contrivances for raising water are attributed to this pliiloft- I 
opher, besides the cle])sydra alrea^ly described, 

454. The common Lifting-pump is rep- Fie.»M. 

resented in Fig, 204. It consists of a cyl- 
inder, B C, to which U fitted the air-tight 
piaton G, containing a valve opening up- 
ward. A is called the skiction-plpe ; it 
rnnst be long enough to reach the water 
that ia to be raised. In the top of the 
Bucljon-pipeia the valve Il.opt'ning upward 
into the cylinder. E is a handle, by which 
the piaton may be worked. F is a spout, 
itom which the water is discharged. 

4a6. OptmUoii, — To work the pump, raise tlic pia- 
too. Aa it oaceada, it leares a lacaum behind it, and 
the water nuder tbe preasura a{ ibe Umospbere rusbus 
up througb A, opvna n, and fiUa tbe c/UndDr B C. the 
pistoD, having rinicbed Ihi: tup, is now forced biick. 
Its downward presauro at onco closes, the valve n. an 
that the water cmi oot return into the anctioD-pipe) but 
the YalvB in the piston opana, and through it the nnlpr 
nishea above the piaton. When the pialun hna reachec) 
llie bottom of the cjlioder, it is again raided ; its viilie 
being now closed by the downward preaanre, the wBt«r 
is lifted hj the piatoo ioto the rcaervoir D, whence it is 
discbuged b; the ipout. Meanwhile, tba avcond lime 
tbe pislOD rises, a vacaum ia formed below it OB before, 
and the whole operation is repealed. 

456. Thus we see that water is raised ir 
mospberic pressure. The air will support a 
ter from 32 to 34 feet high. To this elevation, therefore, I 
water can be raised with the lifting-pump ; for greater dis- 1 
tances, the forcing-pump must be used. 

457. Thb FoRCiNG-i't-MP. — The Forcing,pump, after raia- I 
ing a Uquid through its suction-pipe, does not discharge it 1 
from a spout above, but by the pressure of the returuiug I 
piston drives it through an opening in the side below. Tlia | 
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liqaid is thus forced, either directly or by means of tha 
pressure of condensed (ur, to a greater height than it could 
otherwise attain. 

458. Fig. SOS represents one form of Fig. 309. 
the forciDg-pnmp, It has a cylinder, pi«- 
toD,uid Huction-pipe, like the lifting-pump 
Jnst deicribed; but there is no ralie in 
the piston. Near the bollom of the cjlia- 
dcr eaten tba pipe H, which ccHnmuni- 
cateBwitb the ur-chomberK, by thoalie 
P. opening upward. The tube 1. open at 
the bottom and lenninatiug at the upper 
end in a jet, pauea throagb the ur-tight 
top of the chamber K, and eitenda nearl; 
to its hottom. 

459. C^tmtion. — To work the fbrciug- 
pump, raise the piston. A vacanm ia 
formed ; and irater, from the reaerroir 
below, mshea through the aactioD-pipe, 
opens H, and fills the cylinder. The pii- 
loD ia Doir pusbed back, when H *t once 
closes. TheiraterinthecjtiaderisRirced 
into M, ruisea P, and entera the ehamber 
K, The water in E soon rises aboTe the 
mouth of the tube I, and begins to con- 
deuae the air in the upper part of the cbamber 
tbe water risea in K, the more the air 
elasticity increases in proportion. Its prtsai 
soon becomee greater than that of the atmoipbi 
out the liquid through the jet. 

Some forciug-pumps have no ur-chambcr. 
the liquid hy the direct presanre of the desCrnd 
tlutt cose, the discharge ia by successive impuls 
made from an air-chamber, it is continuous. ^"'/^^^^ 

460. The Firb-enginb. — The Fire-en^e is a combina- 
tion of two forcing pamps, with a common air-chamber 
and suction-pipe. Its operation will be understood from 
Fig. 206. 

The pistons, C, D, are attached to a working-beam, AB, turning on the 




' 45i. What la tbe prtDclple < 



Fordng-pnmp acteF 4SB. S 



THE FlltK-ENGINK, 

pi rot S, BO tbalooe risea ai tbo other 
deKenda. Tbej are aiiven up nod 
down by braiet attuohed lo the beam 
and worked by a number of men on 
eaoh a[de. F U the gnction-pipe. H 
ia the air-chnmber, nnd E a pipe ria- 
Ing rrom it, to nhicb a Bciible leather 
hose 13 attachtd, so (hat the atream 
1 any dirKtion. The 
pialon D in Fig. 20fl is aacendiiit,', fol- 

reaervoir below, the valre I leading 

The pialon C, on (be other hand, 'n 
deacending ; Its lower rsJre ia closed, 
and the water drawn into the cylinder 
during its preTious aaceoit, h now boing forced into H, thrungb the 0[ 

461. The firo-en^nB ia one of the moat powerful forms of the forah 
pump, since water ia being constantly forced into the air-chamber by one 
tlie pislona, ttoii the air ia violeotly eoiupreased. With a good eogiut 
Btream can be thrown more than lOU feet high. 




462. The CKNTKmjaAi, 
Pomp.— The Centrifugal Pump 
(Fig. 207} ia an inatniment 
for raiang water by tlie com- 
bined effect of the centrifugal 
force .and atmospheric pres- 

It oonsista of a vertical 
axle, AB, and one or more 
tubes, C, C, fiistencd to it, 
extending into a reservoir of 
water below, and branching 
off towards the lop bo as to 
bring their mouths over the 
circnlar trough D. E is a 
Spftut for discharging the wa- 



Fis,M7. 




L Wlu.t li uld of the power nf the fire- 
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ter from the trough. Near the top and bottom of each 
tube is a valve opening upward. 

463. Operation. — ^When the pump is to be worked, the tubes are filled 
with water, which is prevented from escaping by the lower valves. A rotarj 
motion is then communicated to the tubes by means of a handle attached to 
the axle. The centrifugal force at once acts on the water within, causing it 
to open the valves and rush forth from the mouths of the tubes. As it as- 
cends, a vacuum is left behind it, into which water is driven by atmospheric 
pressure from the reservoir below. Streams are thus kept pouring into the 
trough as long as the rotary motion is continued. 

A large centrifugal pump, worked by steam, has raised no less than 1,800 
gallons a minute to a considerable height. 

464. Thb Stomach Pump. — ^The Stomach Pump is an 
instrument for injecting a liquid into the stomach of a poi- 
soned person and withdrawing it, without removing the 
apparatus. The stomach is thus rinsed out, and life is often 
saved. 

Fig. 20a 

A 




THK STOMACH PUMP. 



Pig. 208 represents the stomach pump. A syringe, A, 
is screwed into a cylindrical box, B, where it communicates 
with a sh^ metallic tube. This tube leads on either side 
into a bulb, which is connected with a tube of india rubber. 
Each bulb contains a movable circular valve of metal, which 
fits either extremity, and may be made to close either by 
raising the opposite side of the instrument. 

Operation. — To work the pump, turn the syringe so as to depress C and 
elevate D ; and then introduce the tube F into the patient's stomach, and E 
into a basin of warm water. The metallic valves fall to the lowest part of 

Of what does the centrifiigal pump consist? 468. What is its mode of operation \ 
What has been effected with a large centrifugal pnmp worked by steam? 464. For 
tFliat is the Stomach Pump used ? Describe its parts. How is it worked ? 
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their respective bulbs, which brings them directly opposite where they are in 
the Figure. Now draw out the handle of the syringe. A vacuum is pro- 
duced ; and the warm water, under atmospheric pressure, rushes up to fill 
it, all communication withi F being cut off by the valve. The syringe being 
thus charged, the handle is pressed back, and the water, prevented from re- 
turning into E by the valve, is forced through F into the stomach. Without 
removing the india rubber tube from the stomach, now turn the instrument, 
so as to raise the side C and depress D, as shown in the Figure. The metal- 
lic valves are thus thrown to the opposite extremities of their bulbs, and by 
working the syringe with them in this position, the contents of the stomach 
are drawn off and discharged into the basin. The syringe is thus always 
charged through the depressed tube and emptied through the elevated one. 

465. The consideration of the steam-engine, the great- 
est of pneumatic machines, is deferred till we shall have 
treated of the mode of generating steam by heat, a subject 
which belongs to Pyronomics. 

EXAMPLES FOR PRACTICE. 

1. {See § 398.) Under a pressure of one atmosphere, a body of oxygen fills 24 

cubic inches, and its specific gravity is 1.141. What space will it occupy, 
and what will be its specific gravity, under a pressure of three atmos- 
pheres ? 

2. Some hydrogen, by a pressure of 20 pounds to the square inch, is forced 

into a space of one cubic foot. How great a pressure will compress it 
into half a cubic foot, and how will its density then compare with what 
it was before? 
8. Into what space must we compress 10 cubic inches of air, to double its 
elastic force ? 

4. (See % 401.) What is the weight of 600 cubic inches of air? What is the 

weight of the same bulk of water? 

5. A vessel, full of air, weighs 1,061 grains; exhausted, it weighs but 1,000 

grains. How many cubic inches does it contain ? 

6. (See § 414.) What is the downward atmospheric pressure on the roof of a 

house containing 115,200 square inches ? What is the upward atmos- 
pheric pressure on the same roof? 

7. What amount of atmospheric pressure is supported by a boy whose body 

contains 1,000 square inches of surface ? 

8. (See § 408.) When the mercury in the barometer stands at 29 inches, at 

what height will a column of water be supported by the atmosphere ? 
[Solution. — 7^ specific gravity of water is 1 ; that of mercury, 13.568. 
• A column of water will be supported at the height <?/* 29 X 13.568 inches.] 

9. When the atmosphere supports a column of water 32 feet high, how high 

a column of mercury will it support? 

10. {See Fig. 188.) How far above the earth's surface would the mercury 
stand only two inches high in the barometer ? 
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CHAPTER XIII. 

PYRONOMICS. 

466. Pybonomics is the science that treats of heat. 

iri&at Heat iM« 

467. Heat, a Force. — When we approach a fire, we 
experience a sensation which we call Heat. That which 
produces the sensation is also called Heat. 

In the latter sense, Heat is an immaterial /orcey result- 
ing from vibrations in the molecules, or atoms, of m,atter. 
The more rapid the vibrations, the greater the heat. 

When, therefore, we speak of heat as d^usmg Uaelf', carried^ conducted, 
or transmiUed, we use these terms for the sake of convenience, not meaning 
that any material substance passes, but that vibrations in the atoms of one 
body, or part of a body, have been communicated to the atoms of another. 

468. Cold is a relative term, implying a greater or less 
deficiency of heat. 

469. Temperature. — The Temperature of a body is 
the amount of heat that it contains. 

"We can not always judge correctly of a body's temperature by the sen- 
sation it produces when we touch it. In the same room, for instance, are 
a bar of iron and a piece of cloth ; they must be of the same temperature, 
but the iron is cold to the touch while the cloth is not. This is because 
the iron carries off the heat more rapidly from the part that touches it. 
So, if one hand be cold and the other warm, a substance which to the 
former seems hot, to the latter may appear just the reverse. 

470. The Dynamic Theory. — ^The old theory respect- 
ing heat represented it as a kind of matter, — an exceed- 
ingly subtile substance residing between the atoms of bod- 
ies, — ^whose particles repelled each other, while they had 
a strong affinity for ordinary matter. 

466. What Is Pyronomics ? 467. What is Heat ? What do we mean, when we speak 
of heat as carried qff or transmitUd f 468. What is Cold ? 469. What is meant by 
the temperature of a body ? Show that we can not judge of a body's temperature by 
the sensation we experience when we touch it 470. What was the old theory re- 
Bpeciing heat? Give the^ Dynamic Theory. 471. What is meant by the correlation 
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The Dynamic Theory, now universally received, denies 
that heat is matter, and regards it as a force, indicated by 
certain effects, and resulting from rapid vibrations of the 
molecules of ordinary matter. 

471. Correlation of Forces. — ^According to the dy- 
namic theory, heat is but one mode of force originating in 
molecular motion ; light, electricity, magnetism, and chem- 
ical affinity, are other modes. Each of these forces is con- 
vertible into each of the others, — ^may produce the rest 
and be produced by them. Light, for instance, is accom- 
panied with heat, and a high degree of heat with light. 

472. Conservation op Forces. — ^According to the 
dynamic theory, force, like matter, was created in the 
beginning, and like matter is indestructible. One kind 
of force is constantly being transformed into another, but 
no portion of force is ever lost ; the whole quantity in the 
liniverse is unalterable. 

ISources ofSleat. 

473. The principal sources of heat are the Sun, Chemir 
cal Action, Mechanical Action, and Electricity. 

474. The Sun, a Source of Heat. — The Sun is the 
great source of heat and light to the earth. Tlie rapid 
vibrations of the atoms on the sun's surface, according to 
the dynamic theory, communicated to the ether and prop- 
agated through it for millions of miles, reaching our eyes 
produce the sensation of light, and striking on various 
bodies produce a more rapid vibration of their atoms, or 
heat. The stars, which are simply very distant suns, pro- 
duce the same effects, but in a much less degree. 

It is hard to account for the undiminished supply of heat on the sun's 
surface. A late theory attributes it to a stream of countless meteors con- 
stantly pouring into the solar atmosphere, by friction against which they 
ire set on fire, like meteors entering the atmosphere of the earth. 

475. The heat at the sun's surface is supposed to* be 
more intense than any with which we are acquainted. By 

of forces ? 472. What is tho conservation of forces ? 478. What are the chief sources 
of heat ? 474. What is the great source of heat to the earth ? How does the sun 
proHuce light and heat ? 475. How great is tho heat at tho sun's surface supposed 
9 
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vent it from entering anywhere except at the bottom of the grate, and cause 
what does enter to pass through the ignited coals, thus increasing their sup- 
ply of oxygen. 

480. AninialHeat. — ^To Chemical Action is attributable 
Animal or Vital Heat, — that is, the heat generated in all 
organic beings that possess life. 

Different living creatures have different degrees of ani- 
mal heat. Birds have the most ; beasts come next ; then 
fish and insects. In the same class of animals, however, the 
amount of vital heat is nearly uniform ; and under ordinary 
circumstances it remains the same, whether the surround- 
ing medium be warm or cold. Other things being equal, 
the heat of the human body is as great in winter as in sum- 
mer, in the frigid as in the torrid zone. We do not feel 
equally hot, to be sure ; but, as already explained, we must 
not judge of temperature by our feelings. 

481. Animal heat is produced by a slow combHstion. When we breathe, 
air is taken into the lungs. Penetrating the delicate vessels on their sur- 
face, the oxygen of the air enters the blood, and is carried by it, through 
the heart, to minute capillaries in the different organs. Here it unites 
chemically with particles of carbon from the tissues, and heat is generated. 
Carbonic acid, the new substance formed by the chemical action, is carried 
back by the blood to the lungs, and there discharged into the air to be 
exhaled, while a fr^sh supply of oxygen is obtained for a repetition of the 
process. 

As in combustion, whatever increases the supply of oxygen increases the 
animal beat. Bunning or bodily exertion of any kind makes us hotter, be- 
cause it quickens the circulation of the blood, obliges us to breathe faster, 
and thus brings more air (and consequently more oxygen) into the lungs. 

The carbon consumed comes from the food we eat. Greasy food gen- 
erates it most plentifully. In winter, therefore, when we need an abundance 
of carbon, we eat meat more freely than in summer, when we seek to reduce 
our vital heat as much as possible. So, the inhabitants of cold regions con- 
sume more greasy food than those of warmer climates. The Esquimaux 
thrive on fish-oil and seals' fat, which to the people of the tropics would 
be neither palatable nor wholesome. 

done, If we wish to make a fire hotter? 480. What is Animal or Vital heat? To 
what is it attributable ? What its said of animal heat in different living creatnres ? 
In the same class of animals ? Does it differ In different seasons ? 481 How is ani- 
mal heat produced ? How is animal heat increased ? Give examples. Whence 
comes the carbon consumed ? What sort of food generates carbon most plentlftilly ? 
What follows, with respect to onr diet at different seasons? How does the diet of 
the inhabitants of cold regions compare with that of tropical nations? 482. What is 
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48S, Mechanical Action, a Souecb of Heat. — Me- 
chanical Action ia a familiar source of heat. Under this 
head are embraced Friction or Rubhing, Percussiou or 
Striking, and Compressioii, AJl mechanical motion, which 
is a motion of masses, transferred to tlie atoms of matter, 
is exhibited as heat. 

483. Meat from Junction. — Touch a row-lock, in which 
an oar has been rapidly plying, or a gimlet that baa jnst 
been Tigoronaly worked, and yon will feel the heat pro- 
duced by friction, Rnb a metallic button to and fro on a 
dry board, and you will soon make it bo hot that yon can 
not bear your finger on it. By drawing a match across a 
rough surface, yon develop heat enough to ignite it. By 
mbhing two pieces of ice together, in a freezing temperar 
ture, heat is generated in sufficient quantities to melt them. 

Mnchinery has bean ignited bj tbo rubbing of its parts on encii other. 
Snff^BS kindle a Are by rubbing two dry stioks violaotlj logethar. In boiv 
ing B brDsa ennnon, immersed in water by way of oiperiment, Buffideiit heat 
luta bmn ganetaXed lo boil the wamriu two liours undaLulf. ThefiiotioQ 
of two Urge iron plates bus even beon amplojod us a practical souroo of 
beat. The Mction of lluida also produoes bent, but In amuob less degnie. 

484. Heat from Perciissio-n. — By striking flbit and steel 
together, we develop sufficient heat to ignite the minute 
fragments broken off, and produce sparks. In like manner, 
the hammer of a gun, descending on a percussion-cap, seta 
fire to the fulminating mlstnrB of which the cap is made. 

A nail may ha mado red-hot by hammering it ropidly on an snTil. Be- 
fore lueifer matches were inTented, blaeksmiths naed to ignite snlpbur I 
mntohes and kindle thoir fbr|ii;e-BreB with n dbU hunmorod to n rud heut. 

By TiolGDt and quick enmpresaion, a bodj of nir can be heated suffl- 
oiently to ignite IJnder. Tbia is done with the Fire Syringe (Fig. 310). In 
the oitremlty of the piston isasmsH eavity, inwhioh«ometiaJerisplsoed- 
WhoB the piston ia driven rapidly down, the wr in. tbo barrel is oomprBSsad, 

the tblrrl snnrge of bestl Whst an IncladCil nnder tbls lioidF 433. Suta mma 
ftoilllur ami In wbleh bent \s produced bj rriotliin. Whu Is somerlflx'S tba 
elftot of Wctl™ on mnohlncirf How du sivsjiTS Wnflle tlielr HpmT How great 

la ptni^tlcal use! Whut li eotil nf tlfl Mi^Uoii iif fluhlB! 431 OlTo wmr 1 
lor fXbmplf^B of tbp pnnlurtlan of brat "by pprciuflliEi- How dTc] hlnckamlthi 
inerlr klodla their forge-flniB F Ducribo Uin FirC'tytlnga, inil the ejipvrlmoot Q«* I 
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vent it from entering anjwhere except at the bottom of the grate, and cause 
what does entei* to pass through the ignited coals, thus increasing their sup- 
ply of oxygen. 

480. Animal Seat. — ^To Chemical Action is attributable 
Animal or Vital Heat, — that is, the heat generated in all 
organic beings that possess life. 

Different living creatures have different degrees of ani- 
mal heat. Birds have the most ; beasts come next ; then 
fish and insects. In the same class of animals, however, the 
amount of vital heat is nearly uniform ; and under ordinary 
circumstances it remains the same, whether the surround- 
ing medium be warm or cold. Other things being equal, 
the heat of the human body is as great in winter as in sum- 
mer, in the frigid as in the torrid zone. We do not feel 
equally hot, to be sure ; but, as already explained, we must 
not judge of temperature by our feelings. 

481 . Animal heat is produced by a slow combustion. When we breathe, 
air is taken into the lungs. Penetrating the delicate vessels on their sur- 
face, the oxygen of the air enters the blood, and is carried by it, through 
the heart, to minute capillaries in the different organs. Here it unites 
chemically with particles of carbon from the tissues, and heat is generated. 
Carbonic acid, the new substance formed by the chemical action, is carried 
back by the blood to the lungs, and there discharged into the air to be 
exhaled, while a frpsh supply of oxygen is obtained for a repetition of the 
process. 

As in combustion, whatever increases the supply of oxygen increases the 
animal heat. Eunning or bodily exertion of any kind makes us hotter, be- 
cause it quickens the circulation of the blood, obliges us to breathe faster, 
and thus brings more air (and consequently more oxygen) into the lungs. 

The carbon consumed comes from the food we eat. Greasy food gen- 
erates it most plentifully. In winter, therefore, when we need an abundance 
of carbon, we eat meat more freely than in summer, when we seek to reduce 
our vital heat as much as possible. So, the inhabitants of cold regions con- 
sume more greasy food than those of warmer climates. The Esquimaux 
thrive on flsh-oil and seals' fat, which to the people of the tropics would 
be neither palatable nor wholesome. 

done, if we wish to make a fire hotter? 480. What is Animal or Vital heat? To 
what is it attributable ? What is said of animal heat in di£ferent living creatures ? 
In the same class of animals ? Does it differ in different seasons ? 481 How is ani- 
mal heat produced? How is animal heat increased? Give exam))les. Whence 
comes the carbon consumed ? What sort of food generates carbon most plentifully ? 
What follows, with respect to our diet at different seasons ? How does the diet of 
the inhabitants of cold regions compare with that of tropical nations? 482. What it 
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483, MEOiiAmCAL Actton, a Sourob of Heat. — Me- i 
cbanioal Action ia a iitHiiliar source of heat. Under tliia 
head are embraced Friction or Rubbing, Percussion ■: 
Striking, and Compression, All mechanical motion, whicli 
is a motion of masses, transferred to tlie atoms of matter, 
is exhibited as heat. 

483, Meat from I<Hction. — Touch a row-lock, in which 
an oar has been rapidly plying, or a gimlet that has just 
been vigorously worked, and you will feel the heat pro- 
duced by friction. Rub a metaUic button to and fro oil a . 
dry board, and you will soon make it so hot that you can ' 
not bear your finger on it. By drawing a match across a, 
rough surface, you develop heat enough to ignite it. By ,| 
rubbing two pieces of ice together, in a freezing tempera- I 
ture, heat ia generated in sufficient qnantitica to melt them, i 

MBchineiy has lioen ignitf d hj tha rubbing of ita purts an each othsr. 
SsTBgeB fcindlo a flio bj rubbing two dry Bticka violently togothor. labor- J 
ing a brass cunnon, itomersed in ViUter by wuy of experiment, Buffioieut huat J 
hat been geiuiratGd to boil tlie wnter ia two bours nod a Lnlf. The irictiini | 
of two ]argB iroD plates baa aven bflpQ employed oa a practical aonn 
heat. Tha Motion of lluida also proJuoes heat, but iii a much lesa degree. I 

484. Beat from Peroi^B ion. — By striking flint and steel I 
together, we develop sufficient heat to ignite the minute I 
fragments broken off, and produce sparks. In like man 
the hammer of a gun, descending on a percussion-cap, seta i 
fire to the fulminating mixture of which the cap ia made. 

A nni! may be made rod-hot by hammering it mpidly on an anTlI, Be- 
fore Ineifbr mntohes were intented, blaofeBmiths used to ignite sulplmr 
mateboE and kindle their forge-flres with a naU hammered to a red heat. 

By vioIuDt and quick comprcBBion, a body of air eon be heated enffl- 
oicntiy to ignito tinder. This ia done with the Eire Syringe (Fig. 810). In ( 
the extremity of the ptaton is a small cavity, in which Home tinder is placed. J 
When the piston is driven rapidly down, the air in the barrclie compreased, I 

(lie tblrd miHi uf hcilT Wlint an InrJndeJ under tbr» liaiilf «S9, State 



a hent hM Iweo prodDced hy bnrlng » bniM am 
to pnciloil afti Wbat ia mid of tbo frlctlr 

mwly kindle thalr forge-flres 1 Deicrlbo tbo Ffre-ayrlngi 
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Fig. 2ia heat is gcnoratcd, and on withdrawing the piston the tinder 
will be found ignited. 

485. Mechanical Univalent of Seat. — ^As 
mechanical force is convertible into heat, so heat 
is convertible into mechanical force. The amount 
of heat necessary to raise the temperature of 1 lb. 
of water one degree, would, if applied mechani- 
cally, raise it 772 feet high. This is expressed 
briefly by saying that the mechanical equivalent 
of heat is 112 footpounds. 

486. Electricity, a Sotjrcb op Heat. — ^Elec- 
tricity is sometimes attended with intense heat. 
Lightning, for instance, sets fire to trees and 
houses, and melts metallic bodies that it strikes. 
The heat produced by the galvanic battery ig- 
nites or fuses every known substance. 
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]>iffiision ofHeat. 

487. Heat tends to diffuse itself equally among bodies 
of different temperature ; that is, every vibrating atom 
tends to communicate its own rate of vibration to other 
atoms or to the ether, and has its own motion lessened by 
the amount of motion thus communicated. 

488. Heat is diffiised in three ways : — 

1. By Conduction, when the molecular vibrations are 
transmitted directly froni one molecule to another adjacent 
to it. If one end of a poker is placed in a fire, the other 
becomes heated by Conduction. 

2. By Convection, when atoms in energetic vibration 
are actually conveyed from one part of a body to another, 
in sensible masses, others taking their place, and a circula- 
tion being thus established. Water placed over a fire is 
heated by Convection. 



formed with it. 485. What is the mechanical equivalent of heat, and what is meant 
by the expression ? 486. What is the fourth source of heat ? Give examples. 487. 
What is the tendency of heat ? 488. In how many ways is heat diffused ? Name, 
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Fig. 211. 



3, By Radiation, when the molecular vibrations are 
transmitted from one body to another not in contact with 
it, by means of undulations excited in an intervening me- 
dium. A joint of meat placed before the fire is roasted by 
Radiated Heat. 

489. Conduction. — Some substances allow heat to pass 
freely through their particles ; others do not. The former 
are called Good Conductors of heat ; the latter, Bad Con- 
ductors, or Non-conductors. 

As a general rule, dense solids are good conductors of 
heat ; porous and fibrous solids, as well as liquids, gases, 
and vapors, are bad conductors. 

490. The Conductometer, — ^The metals 
Are all good conductors of heat, but some 
are better than others. This is shown by 
the Conductometer, Fig. 211. 

The conductometer consists of a circular plate of 
brass, in the outer edge of which are inserted rods of 
different metals, of the same size and length, each 
having a small cavity in its extremity for holding a 
piece of phosphorus. When the plate is brought over 
the flame of a lamp, the heat passes along the different 
rods and ignites the pieces of phosphorus, but not all the condxtctometbb. 
at the same time. It first reaches the end of the rod 
that is the best conductor ; and thus the order in which the pieces of 
phosphorus ttlce fire indicates the order in which the metals that the rods 
are made of rank as conductors of heat. 

491. Conducting Power of Diffbrbnt Substances. 
— Silver is the best conductor of heat known. The con- 
ducting power of this metal being taken as 100, that of 
some other metals, according to Tyndall, is as follows : — 




Copper 74 

Gold 53 

Brass 24 



Tin 15 

Iron 12 

Lead 9 

Gold, once regarded as the best conductor, is now ranked far below 
silver. 



Platinum 8 

German silver.... 6 
Bismuth 2 



describe, and give an example of each. 489. What are Good Condactors of heat? 
What are Bad Condactorn ? What substances are good conductors of heat, and what 
not? 490. How do the metals rank in conducting power? Describe the Con- 
ductometer, and its mode of operation. 491. Among the metals, what is the best 
conductor ? Tlie next ? The next ? Which is the better, iron or lead ? How may 
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A silver spoon containing water, with a piece of muslin wrapped smoothlj 
around it, may be held in the flame of a lamp till the water boils without the 
muslin's burning, so rapidly does the metal carry off the heat. 

492. Wood is a bad conductor of beat. A log blazing at one end may be 
handled at the other without inconyenience. Hence metallic tea-pots^ sauce- 
pans, Slc.j are often proTided with wooden handles. Dense wood and coal 
are better conductors than porous wood. This is one reason why they are 
harder to kindle ; they conduct the heat away before a sufficient amount is 
collected in them to produce combustion. Earthen-ware of all kinds ranks 
far below the metals in conducting power. 

493. Fibrous substances, like wool, hair, and fur, are bad conductors. 
The finer and closer their fibres, the less their conducting power. Thus we 
see why Providence has clothed the animals of cold climates with a shaggy » 
covering, from which those of the tropics are free ; and why the coats of 
many animals in temperate regions change with the seasons, being closer and 
longer in winter, thinner and shorter in summer. 

494. The best non-conductors among solids are straw, saw-dust, pow- 
dered charcoal, and plaster of pans. Recourse is had to these articles when 
it is desired to protect an object from extremes of /temperature. Straw is 
bound round tender plants in winter, to prevent their warmth from being 
drawn off. It is also used for thatching the roofs of houses, preventing the 
external heat from entering in summer, and the heat within from being with- 
drawn in winter. Ice shipped to warm climates is packed in saw-dust, to 
keep ont the heat of the atmosphere. For the same reason, the hollow apart- 
ments that constitute the sides of refrigerators are filled with powdered char- 
coal. Plaster of paris is used for filling in the sides of fire-proof safes. So 
impervious to heat does it render them that they may be exposed to flames 
for hours without injury to the papers within. 

495. If we bare our feet, and place one of them on a 
carpet and the other on oil-cloth, the latter 4eels much 
colder than the former. Tliis is not because the oil-cloth 
is colder than the carpet, for being in the same room their 
temperature must be the same ; but oil-cloth is a good con- 
ductor, whereas carpet is not. A good conductor, brought 
in contact with the body, carries off our animal heat and 
makes us feel cold. A bad conductor, on the other hand, 
prevents our animal heat from escaping. Hence the differ- 

the conducting power of silver be proved ? 492. Why are metallic tea-pots often pro- 
vided with wooden handles'? Why is dense wood hard to kindle ? How does earthen- 
ware rank in conducting power? 493. How do fibrous substances rank? As re- 
gards the coats of animals, how is the goodness of Providence shown? 494. What 
are the best solid non-conductors ? For what arc these substances severally used, and 
what is the eflFect in each case ? 495. If we bare our feet, and place one on a carpet " 
and the other on oil-cloth, what do we feel ? Explain the reason of this. Of the 
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tleiico, also, a bliuiket ia wrapped round ioB, to keep it from melting. 

497. Conducting I'ower of Liquids. — Liquids (oxcfipt 
mercury, which ia u metal) are very bad conductors of hoal. 
Tliis may he ehowii by several experimenta. 

Frt!cKe some water iu the bottom of a tube, FIK.S1S. 

and on the ice pour gome more water. loclining 
the tube, apply the flame uf a lamp to the liquid 
till it bulls. The ice raisins for a long time un- 
melted. If mercuiy is used ioslead of water, the 
ice begins tu melt almost immedialelj un the ap- 
plication of beat. 

Again, in a fnnncl-abapcd glass vessel (repra- 

Bient for measoriag heat, with its bulb uppermost. 
Cover tho bulb with water tu the depth of half nn 
ineh i then pour on some ether, and set fire to it. 
The burning of the ether generates a great- heat ; 
yet the (hermometer, unlj half an inob below it, 
indicates little or no increaBB of tjimperature. 

498. Conducting Power of Gases 
and Vapors. — Gases and vapors are 
still worso conductors of heat than liquids. The less their 
specific gravity, the less appears to be their couiucting 
power. 

499. Air ia ono of the worst coadnctors known. If we 
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could keep a body of air perfectly still, it would take a long 
time for heat applied to one portion of it to be transmitted 
throughout the whole. 

In summer, when there is no breeze, we feel oppressively warm, because 
the air does not cany off the heat generated within us. Fanning cools us, 
because it drives off the air heated by contact with our bodies and brings up 
a fresh supply, which, aft6r withdrawing more or less heat, is in turn driyen 
away. In this case it will be observed that the heat is carried off by convec- 
tiotiy and not by eondudtion. If air were a good conductor, it would soon 
take so much heat from animals and plants that their vital action could not 
make up the deficiency, and they would be chilled to death. 

Closed cellars are cooler than the surrounding air in summer, and warm- 
er in winter. If air were a good conductor, this would not be the case. As 
it is, the doors being kept closed, currents of air are excluded ; and, since 
heat passes very slowly from particle to particle, extremes of temperature 
without are not felt within. 

It is the air in fibrous and porous solids that makes them bad conductors. 
Drive out this air by compression, and you increase their conducting power. 
Let wool, or cotton, for instance, be twisted into rolls, and it will carry off 
heat faster than it did when loose. Accordingly, clothing that allows some 
air to remain in contact with the body is warmer than that which fits very 
tight. So, double sashes and double doors, confining a body of non-con- 
ducting air, protect apartments from extremes of heat and cold. 

500. The uses of air as a non-conductor are seen in the operations of na- 
ture. Filling the pores and interstices in the bark of plants, it protects the* 
tender parts within from sudden falls of temperature. In cold climates, vege- 
tation is further protected by snow, which, owing to the air imprisoned 
among its particles, is a very bad conductor. A mantle of snow on a field 
has very much the same effect that a covering of wool would have. Hence 
we are told in Scripture that God* " giveth snow like wool ". — The Esquimaux 
shield themselves from the excessive cold of their climate in huts of snow. 

501. Convection. — Fluids, as we have just seen, are 
bad conductors, but they are readily heated by convection. 
Heat being applied beneath, the lower particles become 
expanded and rarefied. They therefore ascend, carrying 
up thelf heat, while cooler and heavier particles from above 

■I ■■■ ■ --f^m II f I .1 ^M^P^— ^a^^M I ■ M I ■ Ml ^-P^M^^^^i^^^^^^M^^i^^M^l^a^^ ■■!■■.■ ■■■■I ■ 

is said of the condacting power of air? Why do we feel oppressively warm in sum- 
mer, when there is no breeze? What is the effect of fanning ? If air were a good 
conductor, what would be the consequence to animals and plants ? Why are closed 
cellars exempt from extremes of temperature ? What makes fibrous and porous sol- 
ids bad conductors ? Prove this. Compare the warmth of loose clothing with that 
which fits very tight Ou what principle 3o double sashes operate ? 600. Show the 
uses of air as a non-conductor in the economy of nature. What is the efltect of snow ? 
What use is made of it by the Esquimaux ? 601. How are fluids readily heated ? 
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take their place. This process is repeated tUl heat is dif- 
fused throughout the whole, — ^not conducted from one sta- 
tionary particle to another, but actually conveyed by the 
particles receiving it. 

The process of conyectioti is exhibited when water is set over a fire to 
boil. The particles soon begin to moye, as may be shown by throwing in 
some powdered amber, which is seen to rise and descend, more and more 
rapidly as the temperature increases. Heat is thus dififused throughout tb« 
whole body of liquid, till ebullition, or boiling, commences. 

602. In cooling, this process is reversed. The particles at the top yield 
their heat to the air in contact with them. Being thus made heavier, they 
descend, while warmer and lighter particles take their place. The greater 
the surface exposed to the air, the sooner the liquid loses its heat ; hence we 
pour our tea into a saucer, to cool it. 

503. To heat a body of liquid by convection, the fire must be applied be- 
neath. A pot of water can not be made to boil by a fire kindled on its lid. 
The particles at the top may be heated, but they will remain there on ac- 

* count of their superior lightness, and there will be no diffusion of heat. 

504. Thin liquids, like water, are heated and cooled more quickly than 
thick ones, like tar, because their particles move more freely among them- 
selves, and thus diffuse heat more readily. 

505. Heat is diffused through gases and vapors, as 
through liquids, by convection. Heated air, like heated 
water, ascends, carrying its heat with it. Consequently, to 
make the temperature of a room uniform, a fire-place should 
be set as near the floor as possible. — ^With the same tem- 
perature, we feel colder on a windy day than on a still one ; 
because the heat is more rapidly withdrawn from our bodies 
by the fresh currents of *air constantly brought in contact 
with them. 

506. Solids can not be heated by convection, because 
their particles cohere. 

507. Radiation. — A body not in contact with the source 
of heat can not be heated by conduction or convection. If 
it receives heat, it is by a third process, called Radiation. 

Describe the operation. In what familiar process is convection exhibited ? Describe 
the process of boiling. 602. Describe the process of cooling. 603. To boat a liquid, 
where must the fire be applied ? Why can not a pot of water be made to boil by a Are 
kindled on its lid ? 504. What kind of liquids are heated and cooled most quickly ? 
Why ? 605. What, besides liquids, are heated by convection ? Where should a fire- 
place be set, and why? Why do we feel colder on a windy day than on a still one ? 
606. Can solids be heated by convection? Why not? 601. What bodies are heated 
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If we place our hands under a 6re in a grate, we at once feel a sensation 
of heat. This heat can not reach our hands by conduction, for air is a bad 
conductor, — nor by convection, for heated currents ascend. It is transmitted 
in rays sent forth from the fire through the intervening space. Heat thus 
diffused is called Radiant Heat All the heat that we receive from the sun, 
and much of that from fire, is radiant heat 

508. All substances radiate heat, but not equally welL 
Much depends on the character of the surface. Rough and 
dull surfaces radiate better than smooth and bright ones. 

Lamp-black is the best radiator know^n. Rating its ra- 
diating i>ower at 100, that of crown-glass is 90 ; black lead, 
75 ; tarnished lead, 45 ; clean lead, 19 ; bright metals gen- 
erally, 12. Tlie radiating power of metals is increased by 
sci-atching their surface, or letting them become tarnished. 

509. A heated body confined in a covered vessel parts with its heat more 
or less rapidly according to the radiating power of the vessel containing it 
For tea-pots, therefore, bright silver is preferable to earthen-ware, because it ' 
18 a worse radiator and keeps the tea warm for a longer time. Stoves, on 
the contrary, should be made of a good radiator, so that the heat of the fire 
may bo freely diffused. Cast-iron is better for this purpose than sheet-iron, 
bocauHO its surface is rough ; the radiating power of both is increased by 
nibbing in black lead. When heat is to be conveyed from one room to an- 
(kthor, a pipe should bo used of bright tin, which is a bad radiator and pre- 
vont!4 thot^soape of hout by the way. 

Tho atinoMphoiv rtHvives its heat, not directly from the sun, but by radia- 
tUui \hM\\ tho ourth ; hcuco, lis wo ascend from the earth's surface, the heat 
duuiiu»ht^, 

MO, A<rir o/ littdiitftt Heat, — Radiant hsat diminishes 
in intnmti/ it a the s^t^uare of the distance from the radiating 

A IhuIx 10 foot lV»Mu a tlrt^ will rt^ccive fh>m it only Vioo of the heat that a 
UhIv \ l\H»t rt>Mn 1 1 rtHM>ivos. 

»^t I. HadiiU\t- hortt, striking different bodies, is reflected 



hy m*tUtl»»h* Whnt U \\\^t \\\ft[\9<^\ by rnillation called? Give a familiar example 
sfJt tii\\\t\\\\ hortt, tNWv Uy Nvhftt in a l»i><ly*ii rmilating power affected ? What surfaces 
mOiA(«» hoAt Ww ImviIT WhAt in tho Inv^t known radiator? Bating the radiating 
^ttuvorof Utup-Mnok at t(M>, Nvhst in that of crown-glass? Black lead? Tarnished 
\\'^\\ f I'loHh \\vm\ T UHjrht niotaln jjonorally ? How may the radiating power of the 
iHofuN K» itu'r^MvvMl ? WO. Why la brijiht silver preferable to earthen-ware for tea- 
\w\m T Of whr»t nhouhl >*tovos bo made ? When heat is to be conveyed from one room 
to Mttothor, what nhotiUl ho employed? Why? How does the atmosphere receive 
Hn heatf What ft)Uows? 510. State the law of radiant heat Give an example. 
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by some, absorbed by others, and transmitted by a third 
elitas. 

512. Ruction ofJladiant Heat. — Radiant heat i; 
fleeted by polished and light-colored surfaces. Polished 
gold reflects about three-fouiths of the radiant heat it r 
ceivea, and looMng-glasa about one-fifth ; whereas metallio i 
surfaces blackened reflect only one-twentieth. 

5ia. White nod light-colored ilothes sre woru in aammar, beouBe tlioy J 
reflect heat. For the same reason, it is border lo heat witter in a new ti 
Bel than to oue that has beeu blackeaed uver the fire. 

514. The reSecliou of radiaut boat xaaj be iilustratod with the apparatiw ^ 
represcoted in Fig, B13, A and B are coocsTe metallic mirrora, higblj pgl- 
Fie. SIS- 




filled. In tbe Tocas ofA is placed a red-bot ball C. Thi» biUI radiau»t bent 
in all dircctiona, and some of its raja strika the mirror A, IVom wbich the; 
are refleolod in parallel lines to B. By B they are B^ain reflected and brought 
to a focus at D, where a Ihermomelcr indicalea a rise of temperalnre. Snffi- 
cient heat may Ihua he oonewMrated at D to set fire to phosphorus or 

615. When radiant heat Ls reflected by a plane BitrfacOj.J 
the angle of reflection ^see g S6) is always equal to the an- 1 
gle of incidence. If it strikes the surface perpendicularly, 
it is reflected perpendicularly, back to the radiating body. 
If the line inwhich it approaches the snrfhce forms an angle 
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with the perpendicular, it glances off at an equal angle on 
the other side. 

516. Absorption of Madiant Heat. — ^Radiant heat is 
absorbed by dull and dark-colored surfaces. Good reflec- 
tors are bad absorbents and radiators ; bad reflectors are 
good absorbents and radiators. 

Of the colors, black is the best absorbent of heat, and 
violet the next best ; white is the worst, and yellow next to 
the worst. 

Lay two pieces of cloth, one white and the other black, on a snow-bank, 
in the sunshine. Under the black piece, which absorbs the heat that strikes 
it, the snow melts rapidly ; not so under the white cloth, for by it the heat is 
reflected. Dark-colored clothing is therefore best adapted to winter. 

Dark mould absorbs the sun's heat ; hence one cause of its fertility. 
White sand reflects the hot rays ; hence it bums our faces when we walk 
over it in sammer. Hoar-frost remains longer in the morning on light than 
dark substances : this is because light colors reflect the sun's heat, while 
dark colors absorb it, and thus melt the hoar-frost, which is nothing more 
than frozen dew. 

517. Transmission of Radiant Heat. — ^Transparent sub- 
stances, or such as allow light to pass through them, for 
the most part transmit heat also. The sun's rays, for in- 
stance, falling on the atmosphere of. the earth, which is a 
transparent medium, are transmitted through it to objects 
on the surface. More or less heat is absorbed in the act 
of transmission. 

518. Substances that transmit heat freely are called Di- 
arther'-ma-nous. Those that absorb the greater part and 
transmit little or none are called A-ther'-ma-nous. 

519. All transparent substances are not diathermanous. Water, for ex- 
ample, which offers but little obstruction to rays of light, intercepts nearly 
all the heat that strikes it. Alum is another instance in point. 

equal ? 616. By what snrfiiccA is radiant heat absorbed ? What is said of good reflect- 
ors ? What, of bad reflectors ? What color is the best absorbent of heat ? W hat, the 
next best? What color is the worst absorbent? What^ the next worst ? Prove by 
an experiment the dlffference in absorbing power between white and black. Why is 
dark-colored clothing hest adapted to winter? What is the difference between dark 
mould and white sand in absorbing power? Why does hoar-frost remain longer in 
the morning on light than dark substances ? 617. What substances, for the most part, 
transmit heat? Give an example. 618. What are Diathermanous substances? What 
are Athermanoos substances ? 619. Name a transparent substance that is not dia- 
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All diathermanons substances are not trftnsparent. Quartz, though it may 
intercept light almost entirely, transmits heat quite freely. 

As a general rule, the rarer transparent substances, such as gases and 
rapors, transmit heat the best ; the denser ones, such as rock-crystal, trans- 
mit it the least freely. The farther the rays have to pass through a giyen 
substance, the more heat is intercepted. 

Effects of Heat. 

520. The effects of heat are five in number : Expansion, 
which changes the size of bodies ; Liquefaction and Vapor- 
ization, which change their form ; Incandescence, which 
changes their color ; and Combustion, which changes their 
nature. 

521. Expansion. — >Heat expands bodies. 

Atoms in violent vibration urge each other apart, and cause the body 
to which they belong to occupy a greater space. Heat, therefore, opposes 
cohesion. Solids, in which cohesion is strongest, expand the least under 
the influence of heat ; liquids, having less cohesion, expand more ; gases 
and vapors, in which cohesion is entirely wanting, expand the most. Heat 
converts solids into liquids, liquids into gases and vapors, by weakening 
their cohesion. It turns ice, for example, into water, and water into steam. 

522. Expansion of Solids, — All solids except clay are 
expanded by heat ; but not equally. Of the metals, zinc is 
among those that expand most. Clay is contracted by bak- 
ing, and ever afterwards remains so ; this is supposed to be 
owing to a chemical change produced in it by heat. 

The expansion of solids is illustrated with the apparatus represented in 
Fig. 214. A brass ball is suspended from a pillar, to which is also at- 
tached a ring just large enough to let the ball pass through it at ordinary 
temperatures. Heat the ball with a lamp placed beneath, and it will ex- 
pand to such a degree that it can not pass through the ring. Let it cool, and 
it will go through as before. 

523. A sheet-iron stove in which a hot fire is quickly kindled or put 
out, sometimes makes a cracking noise, in consequence of the rapid ex- 

thermanous. Name a diathennannus substance that is not transparent As a gen- 
eral rule, what transparent substances transmit heat the best, and what the worst? 
520. State the effects of heat 621. What is the first of these ? How is it that heat 
expands bodies ? What force does it oppose ? Which expand the most under the 
influence of heat, solids, liquids, or gases,— and why ? Into what does heat convert 
solids ? Into what, liquids ? 522. What solids are expanded by heat ? What metal 
is expanded more than most of the others ? What is the effect of heat on clay ? II- 
Instrate the expansion of solids with the apparatus represented in Fig. 214. 528. Why 
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Fig. 214. pansion or contraction of the metal. A blowef 

placed on or taken from a hot fire produces a aim* 
ilar noise for the same reason. New furniture 
standing in the sun or near a fire is apt to warp 
and crack in consequence of the expansive effects 
of heat 

When boiling water is poured into china cups 
and glass vessels, they often crack. This is be' 
cause the inner surface is expanded by heatv 
while the outer is not, china-ware and glass be- 
ing bad conductors. The unequal expansion 
cracks the vessel. Cold water poured on a hot 
glass or stove produces the same effect. On the 
same principle, glass chimneys are apt to crack, 
when brought too suddenly over the flame of a 
lamp or gas-burner. A cut made in the bottom 
with a diamond allows an opportunity for expan^ 
sion, and prevents the chimney from breaking. 
When a glass stopper becomes fastened in a bottle, it may often be with- 
drawn by placing the neck of the bottle in warm water. The neck is ex' 
panded before the heat reaches the stopper. 

524. The force with which a body expands when heat- 
ed and contracts when cooling, is very great. In iron 
bridges, therefore, and other structures in which long bars 
of metal are employed, there is danger of the parts' sep- 
arating, unless provision is made for the expansion caused 
by a rise of temperature. The middle arch of an iron 
bridge has been known to rise an inch in the summer of a 
temperate climate. So, when great lengths of iron pipe 
are laid for conveying steam or hot water, sliding joints 
must be used, or the apparatus will burst in consequence 
of the expansion of the metal. 

525. The fact that heat expands bodies and cold contracts them, is often 
turned to practical account. Coopers, for instance, heat their iron hoops, 
and whDe they are thus expanded put them on casks which they just 
fit. As they cool, they contract and bind the staves tightly together. The 



do a sheet-iron stove and a blower sometimes make a cracking noise ? What causes 
new flimitnre to warp ? What makes glass vessels crack when boiling water is poured 
into them ? When are glass chimneys apt to crack ? How may their cracking bo 
prevented ? When a glass stopper becomes fastened in a bottle, how may it be with- 
drawn ? 524. What is said of the force with which bodies expand and contract ? 
What precautions must be taken in consequence ? 525. What practical use is made 
of the f^ct that heat expands bodies and cold contracts them ? What ingenious appli* 
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of iron, wben couling, hae bera ingcnloualy used fur 
draniag tflgethor the trails of buildEngs that luve bulged out >nd tbrcDlen 
to fall. Several holes are made opposite la each other in the walls, iotti 
which iu« mtrodudcd slout bora of iron, projcetiug on both sidea and temii- 
naUn); at ench end [n a scrsvr. Ta each screw a cut is fitted. Tlio ban ara 
then heated b; lamps plaued benealh, and when the; have expuidin] llu ' 
nuts are screwed up clusc to the valla. As the hara cool, they gradually con- 
tract, and with auch force as to bring the walls bock to a perpendioulsr po- 

526. Expansion of Liquids. — Liquids, when heated, 
expand much more than solids, hnt not all alike. Thus 
water, rMsed from its freezing-poiiit to the temperature at t 
which it hoila, has its hulk increased ooe-twenty-seeond ; 
alcohol, between the same limits, increases one-ninth. 

The higher the temperature, the greater the rate at 
which liquids expand. 

527. In proportion as heat expands liquids, it rarefies 
them, the same quantity of matter being made to occupy 
a larger space. This fact ia shown in the process of boil- 
ing, described in § 501. 

52a, Water at certain temperatures forms a remarkable . 
exception to the general law that liquids are expanded by , 
heat and contracted by cold. As it cools down from tlie . 
boiling-point, it contracts, and consequently increases in i 
density, till it reaches 39 degrees, or 7 degrees above Its J 
freezing-point. Below this temperature, it expands. 

The expanaion of water In frcaiing ia proved every winter by the bural- 
ing of pipes, pitchers, Ac, containing it. The force with which it expands 
ia tremendous. An iron ping weighing three ponuda and closing a bonib- 
■bell filled with water, boa been thrown 15 feet by the freezing and eipauaioa 
of the liquid within, Inuncnse moaaea ofroctc are aometimca split off by tba 
freoiing of water which has insinuated itaetf into minule flasuroa. ' 

The expansion and oonBei|uent rarvfactian of water id freeiiog, afford a 
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■trikiiig proof of the goodness of Provideoce. The great body of a large 
moAA of water never becomes cold enough to freeze ; it freezes only on the 
top^ where it comes in contact with very cold air. As it is, the ice formed 
on the surface remains there on account of its superior rarity, and protects 
the water below and the fish that inhabit it from further cold. If water con- 
tinued to contract and increase in density as it approached the freezing-point, 
tlie ice first formed would sink ; the fresh surface exposed to the air would 
in' its turn freeze, and another layer of ice would sink ; and this would go oo 
till even in a mild winter every body of water would be converted into a solid 
mass, and all living things therein destroyed. 

/320. Iron, zinc, and several other metals, when cooling down from a melt^ 
ed to a solid state, expand like freezing water. This is because the particles 
assume a crystalline arrangement, by which greater interstices are left be- 
tween them. 

630. Expansion of Oases and Vapors. — ^Aeriform bodies 
expand equally under a given increase of temperature. At 
the boiling-point of water, their bulk is about one-third 
greater than at the freezing-point. 

RSI. Fill a bladder with air, tie its neck, and place it before a fire; the 
htittt will soon expand the confined air to such a degree as to burst the 
bladder. 

The popping of grains of com, the bursting open of chestnuts when 
runntiiig, and tlio cruckling of burning wood, are caused by the expansion 
of tlio air within them. Porter-bottles have to be kept in a cool place in 
suiniuer, lest the heat expand the carbonic acid in the porter and break the 
buttles. 

5:^2. Liquet ACTION. — ^Heat melts solids. This process 
is calkHl Liquefaction. 

Son\c solids, such as wax and butter, require but little heat to melt them. 
Others, like metals and stones, melt only at the highest temperatures that 
can bo produced. Such substances are called rrfractory. 

Even substances that are liquid at ordinary temperatures may be looked 
upon as melted solids, for they can be reduced by cold to the solid state. 

533. When a solid is converted into a liquid, heat is 
takon from adjacent bodies, to overcome the cohesion of 



«»f water in freoilng exhibit the goodness of Providence ? 529. How do we account 
ft>r the expansion of several of the metals, when cooling down fW>m a melted state? 
^alll. What la aald of the expansion of aeriform botlies ? ITow great is their expansion, 
when they art^ raised fh»m the IW^oiing-polnt to the boiling-point of water ? 531. How 
may we tUustrate the expansion of air by heat with a bladder? WThat familiar exam- 
ples an> given vt the expansion of air by heat ? 532. "What is Liquefaction ? What 
AifTervneo is there in solids, as regards their capability of befng meited ? How may 
•ubstauoea that are liquid at ordinary temperatures be looked upoaf 68SL By wh^ 
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its particles. When a liquid is converted into a solid, the 
heat no longer needed to oppose cohesion is given out. 
Extreme cold is thus modified by the very act of freezing. 

When a solid is rapidly melted, so much heat is absorbed by the liquid 
that intense cold is produced. This is the principle on which freezing mix- 
tures operate. Ice cream, for instance, is frozen with a mixture of salt and 
snow or pounded ice ; the latter is rapidly melted, and so much heat is ab« 
sorbed in the process that the cream is brought to a solid form. 

634. Vaporization. — Heat converts liquids into vapors. 
This process is called Vaporization. 

Eteat, applied to a solid, first expands it, then melts it, and finally turns it 
into vapor. Some solids pass at once into vapor, without becoming liquids. 

635. A great degree of heat is not essential to vapori- 
zation. At ordinary temperatures, wherever a surface of 
water is in contact with the air, vapor is formed. This pro- 
cess is known as Spontaneous Evaporation. By its means- 
the atmosphere becomes charged with moisture, and clouds 
and dew are formed. The drier the air, and the more it is 
agitated, so as to bring fresh currents in contact with the 
liquid, the more rapidly does evaporation take place. 

536. A drop of water let fall on a cold iron moistens its surface ; let fall 
on a very hot iron, it hisses and runs off^ without leaving any trace of moist- 
ure. In the latter case, the water does not touch the iron at all, but is sep- 
arated from it by a thin layer of vapor into which part of the drop is con- 
verted by the heat radiated from the iron. Laundresses try their irons in 
this way, to see if they are hot enough for use. On the same principle, jug- 
glers plunge their hands into melted metal with impunity, by first wetting 
them. The moisture on their hands is converted into vapor, which keeps the 
seething metal from their skin. 

537. When vapor is formed, heat is consumed in over- 
coming cohesion, and cold is produced. 

Hence when the skin is moistened with a volatile liquid (that is, one that 
readily passes into vapor) like alcohol, a sensation of cold is soon expe- 
rienced. So, a shower or water sprinkled on the fioor cools the air in sum- 



merciful provision is extreme cold modified, and liow? On what principle do 
freezing mixtures operate ? 534. What is Vaporlz-'tion ? What are the sncceMsive 
effects of heat on solids ? 535. What is Spontaneous Evaporation ? What are tho 
effects of evaporation on the earth's surface ? To what is the rapidity of evaporation 
proportioned? 686. Explain tho principle on which laundresses try their irons. 
What ni*o do jugglers make of this principle ? 537. With what phenomena is the 
formation of vapor accompanied ? Give some examples of cold produced by the for 
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mer. — Green wood does 



hot a fire u dry, becsuao, whsn ib» 1 



it atjijorbud and curried off, 

. Condensation. — The turning of vapor back into a 
liquid state is called Condeaaation. 

539. I>istillation, — Some substancea are converted into 
vapor at lower tempecatnrea than others. Tliia fact is 
taken advantage of in Distillation. 

Distillation is the process of separating one Bubstanco 
from another by evaporating and then condenBiny it. It 

i known to the Arabians at an early date. Fig. 215 
represeuts a Still, or apparatus for distilling. 
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213. 

le Ibe TiL- 



Ihe wftrm, falling into a tcsbgL prepared to i^ceive it. To oonden 
puT, tbc water id tbo rat muat be kept cold. For tbis purpose, a atreum ia 
kept flowing iuto it tlirougb tbi> pipe pp. orbiio a similar stream of water 
partially warmed by Ibe hot vapor a» aonBtintly oacapea at i/. By lliis pro- 
ceaa water may be obtained perfectly pure, as the earthy matter disBolTBd in 
it is not coDTerted into vapor, but retnaios behind ia the boiler. With a 
aimilar apparatus, spirituous liquora are distilled tcom groin. 

541, Incandbbcence. — When a body ia raised to a cer- 
tMn very high temperature, it begins to emit light as well 
as heat. Thia state is called Incandescence, or Glowing 
Heat. 

An incandescent body becomes successively dnll red, 
bright red, yellow, and white. All solids and liquids, not 
previously converted into vajror by heat, become incan- 
descent. The temperature at which incandescence com- 
mences is tlic same for all bodies, and may be set down at 
977 degrees of Fahrenheit's Thermometer (see § 644). 

Instrnmciils for measuring Heat. 

542, The expansion of bodies by heat fiirniahea lis the 
means of measuring changes of temperature. Liquids, 
which are easily affected, are used for measuring variations 
in moderate tempemturea, Sobda, which rcqiure a higher 
degree of heat to expand th«m perceptibly, are used for 
measuring variations in elevated temperatures. Hence we 
have two instruments, the Thermometer and the Pyrom- 
eter. 

543, The TiiKitMoMKTEii. — The Thermometer is an in- 
strument in ivhich a liquid, usually mercury, is employed 
for measuring variations that occur in moderate tempera- 
tures. 

The thermometer (nee Fig. 216) coosiatB of n tube closed at one end and 
terminalmg in a balb at the other. Tlie bnib and part of the tube contain 
mercury, above which is i vocnutn, all nir baring been excluded before the 
lop of the tube wag closed. Expanded by heat, the 

and Its mode at DpemtLoD. HI. Wliat Is tncandeswnoef 
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Fl;. £I& tn^B ; when the temperature falls, the Dieroarr, contrvetiD^' 

Q fulls also. The tube is Gied in s atoad or coae, uid has a 
graduated ecale beside it for meaiariog the riae aod fall of the 
meraurj. Thisacale 19 formed iu the following way :— The Iher- 

at which the mercur; stands ia marked. It is next plunged 
in boiling water, and the point to which the mercury riaeB is 
also mailed. The interval ia then divided into a number of 
equal apaceB, called degrea. 

544. Ab the thermometer does not indicate 
the amount of heat in a body, but merely its 
changes of temperature, the number of degrees 
into which the interval between the freezing and 
the boiling mark is divided is arbitrary. Three 
different divisions are in use : Fahrenheit's, in 
the United States, Great Britcun, and Holland ; 
Reaumur's \ro'-m,wni\, in Spain and parts of Ger- 
many; and the Centigrade, the most convenient 
of the three, in France, Sweden, Ac. 

In Fahreobeit's scale the freeiing-point ia called 32, the 
boiling-point, 21S ; when, therefore, the mercury stands at 0, 
or zero, it ia 32 degreea below the freezing-point. In Reau- 
mur's scale the freeiing-[HiiQt is culled 0, the boiling-point SO. 
In the Centigrade the fVeeiing-pointis 0, the boiliag-poitit 100. 
When degreea of the thermometer are mentioned, it is uanal 
to indicate the scale referred to by the letters P., R., or C., as 
HoiiErai. the case may be. Thus 40° F, means 40 degrees on Fahren- 
heit's seale ; !&" R., 15 degrees on Eeaumur's hcbJb, Ac. In this countrj, 
when DO scale is mentioned, Fahrenbgit's ia meaaL 

G45. Imperfect thermometers were in use at the beginning of the aeTea- 
teenth centaiy. It is uncertiun whether the honor of their invention belongs 
toSanctorio, an Italian physician, — Drebbd, a Dutch peasant, — or Galileo. 
Yorious liquida have been tried; the astronomer Boemerwas the first to use 
mercury, the adrontages of which are such Ihat it hag superseded all others. 
546. TRe Differential Thermometer, — This instrument. 



if tlje tlonnome- 



Is the Thetmomstort Of what does tl conalrt f Huwisthee 

IcrfDrmed? 544. What Is sildof the nnmbarordegreei Inti 

vidi'dr Homo the three ptlacLpal scales, and tall where each Is used. What are the 

frei^ilnit'poLnt and the belljne-poiiit respectlvsl; called In Fahrenheit's scale F What, 

catoil T 54A. When were thernionieten first need T To whom does the honor of their 
lav entioD belong I What liquid baa supenedad all otbeis Id the theimomeler I Who 
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n Fig. 217, measures minute dif- 
ferences of temperature. 

It consiats oT a long glass tube, bent tvice at rigbt an- 
gles, Bomewhot in the furm of tbe letter U. Oae arm is 
fumiabed Willi a scale of 100 degrees, aait each terminate* 
ID a bulb. The tube cont^as a Htnall quaatitj of sulphu- 
ric acidj colored red, and bo dispoaed that whea both 
bulbs are of the same temperature it stands at on the 
scale. Let either bulb be bested eret so little more tban 
the other, and the eipaasion of tbe air within will driTB 
the liquid donn and cause it to ascend tbo opposite arm to 
a distance measured by tbe scale. Ordiaar; changes of 
temperature do not affect the inslrumeat, because both 
bulbs are acted on alike. 

647. Thb Pteometee. — Tlie Pyrometer 
{see Fig. 218) is used for measuring variations 
in elevated temi»cratures, and comparing the 
expansive power of different metals for a 
given degree of heat. 

FIf 219. 




tcnninaleB at one em 
a cord and pulley w 
Near its eiCremil; i] 



AmetalbarUSisd 
in an upright at one 
end by means of a 
screo, and left f^ee to 
expand at the other. 
It there touches- a pin 
projecting fhim .a rod 
nbicb rests against an 
I opposite upright, in a 
a FTBOumi. circnlar support at 

each side. This rod 
1 in au arm bent at right angles, nhich is conuectcd by 
ith an index traversing a scale marked witb degrees. 
! a ball, the weight of which, under ordinary circum- 
dex at the highest point of the scale. When lamps are 
he bar cipands. it pushes against tbe pin, turns Hie rod 
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more or Ins around, and thus raises the arm containing the ball and moyes 
the index along the scale. The relative degree of heat applied to the bar is 
thus indicated. By keeping the heat the same, and using rods of different 
metals, we can ascertain their relative expansive power. 

Specific Heat. 

548. Put a pound of water and a pound of olive oil in 
two similar vessels, and apply heat. It will take twice as 
long to raise the water to a given temperature as it will the 
oil. Let them cool, and the water will be twice as long in 
])arting with its heat as the oil. Water, therefore, must 
receive twice as much heat as oHve oil in reaching a given 
temperature. 

The relative amoimt of heat which a body receives in 
reaching a given temperature is called its Specific Heat, or 
its Capacity for Heat. 

549. In estimating the specific heat of bodies, that of water is taken as a 
standard. Reckoning the specific heat of water as 1, that of iron is about 
1/9, and mercury only Vss* -^s a general thing, the densest bodies have the 
least specific heat ; solids have less than liquids, and liquids less than gases 
and vapors. 

550. As the elastic fluids expand, they are rarefied, and their specific heat 
becomes greater, — that is, it requires more heat to raise them to a given tem- 
perature. This is one reason why the upper regions of the atmosphere are 
colder than the lower, as is found by those who ascend mountains. 

Steam. 

551. Generation of Steam. — ^Water is rapidly turned 
into steam at its boiling-point, which in an open vessel at 
the level of the sea is 212° F. After it commences boiling, 
water can not be raised to any higher temperature, because 
all the heat subsequently applied is absorbed by the steam 
and passes off with it. 

used ? Describe the Pyrometer. 648. How is it proved that water must receive twice 
as much heat as olive oil in reaching a given temperature ? What is meant by Spe- 
cific Heat ? 549. In estimating the specific heat of bodies, what is taken as a stand- 
ard? What is the specific heat of iron? Of mercury? As a general thing, what 
bodies have the least specific heat? 650. Under what circumstances is the speciflo 
heat of elastic fluids increased ? What fact is thus explained ? 651. How is steam 
generated ? Why can not water, after it commences boiling, be raised to any higher 





If the water is in a close vpBsel, the Bteam first formed, 
being confined, preflaes on the water and prevents it from 
Iwiling as soon as before. It may now be raised to a more 
elevated temperature, for heat is not withdrawn by the 
foi-mation of steam till it reaches a higher point. 

552. Steam has the same temperature as the water from 
which it is formed, the heat absorbed in the process of for- 
mation becoming latent, — that is, not appearing, VVhen 
it is generated I'roni water in an open vessel, its temper- 
ature is 212" ; in a confined vessel it will be higher, ac- 
cording to the pressure on the Biirface of the water. 

553, Steam is colorless and invisible. When cooled by 
contact with the atmosphere, it begms to turn back into a 
liquid state, and assumes a grey mist-tike appearance. Look 
at the spout of a tea-kettle full of boiling water. For half I 
an inch from the extremity nothing can be seen; beyond 
that, the steam, cooling and beginning to F[g.!iB. 
condense, becomes ^-isible. 



654. The geaeration imS propertii 
be undershiod from Mg. SI9. AB reprcscnla the iu- 
Bide of a tall glasa tabe, tb« section of nliicl) boa an 
BFea of one Bqusro iucb. Tbe tube is dosed at its 
lower end, and contains a. cubic incb of water, D, and 
resting on it a tigbtlj-Sttiag piston, C. A cord, fast- 
ened to tbe piston, ia carried round tba wbeel E, and 
Bttacbed to tbe weight F. Fis made just heavy enDogb 
to counterbalance tbe piston and its frictioc agaiuab 
tbe tube. Suppose a tbennometflr to bo placed in 
tbe water, and appl; beat at tlie bottom nf tbo tube 
Aa Boon as the tbermameter indicates B tomperolnre 
of 21S°, tbo piston begins to rise, leaving a space ap- 
panntl; empt; between it and tbe water. The 
coiitinnes to impart beat 
cuiy in tbe thcrmoineter ren 
the pialDD keeps rising, and 

miniah. If tbe process were continued and tbe tube 
Here long enough, the piston would at lost reach a 



aid of Fig. US, ahow the pi 



lo the water, but the 
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height of Deariy 1,700 mches, by which time the water would entirely disap- 
pear. If the tube were then weighed, though nothing could be seen in it but 
the piston, it would be found to have exactly the same weight as at first 
The water would simply be converted into steam, and thus increased in vol- 
ume 1,700 times. The piston, with the pressure of the atmosphere on it 
(which is 15 pounds, the area of the piston being one square indh), would bd 
raised 1,700 inches. 

All the time steam is forming, a uniform amount of heat is applied to the 
tube. As the mercury in the thermometer rises no higher than 212°, it is 
evident that the heat imparted after it reaches that point is absorbed by the 
•team and becomes latent. Tq dStel^2^ine the amount of this latent heat, we 
must compare the time requireS^ to^ raise"t3ie-w4t^r from the freezing to the 
boiling point with the time that ela^6»«4;om the comtneB««jgaent of boiling 
till the water disappears. We shall find thatHh^ latter interval ia ;5Va times 
as great as the former ; and, since from the treezin^-point (32°) to the boiling- 
point (212°) is 180°, we conclude ttiat the amount of heat absorbed is 5Va 
times 180°, or nearly 1,000 degrees. That is, the heat applied would have 
raised the water to a temperature of nearly 1,000°, if it could have remained 
in the liquid state. 

555. If, besides the pressure of the atmosphere on P, a weight of 1& pounds 
were placed on it, it would be said to have a pressure of two atmospheres^ 
Steam, in this case, would not commence forming till the water reached a 
temperature of 251 Va degrees ; and, when the whole was evaporated, the pis- 
ton would stand only about half as high as before. Under a pressure of three 
atmospheres, the piston would be raised about one-third as high, &q. ; the 
mechanical force developed in the evaporation of a given quantity of water 
remaining nearly the same. This force, for a cubic inch of water, i^uffi- 
cient to raise a ton a foot high. 

656. Steam has a higli degree of elasticity and expansi- 
bility. Uiidera pressure of two atmosplieres, or 30 pounds 
to the square inch, it would raise the piston in the above 
experiment. about 850 inches; if l^jjounds were removed 
from the piston, the expansive force of the steam would 
drive it up 850 inches farther. 

657. Condensation of Steam. — Steam retains its form 
only as long as it retains the latent heat absorbed. The 

describe Bome of its properties. When water is converted into steam, how many 
times is its volume increased? How is this proved with the apparatus just de- 
HJribed ? Prove that heat becomes latent in the steam. IIow can, the amount of 
latent heat be determined ? 655. When is ste&m said to have a pressure of two at- 
mospheres? How high would the piston then be raised ? How high would the piston 
be raised under a pressure of t^ree atmospheres? How great is the mechanical force 
developed in evaporating a cubic inch of water ? 556. Prove the expansibility of 
gteam. 557. How long does steam retain Its form 7 When Is it condensed ? Show 
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moment it is forced to part with tbis heat, it is turned back 
into the liquid form, or condensed. 

Id the above expeciment, alkr the piaton has been ruised l.t'OO inches, lui ' 

Tlie Intent he&t will be ibBtmctcd, bdiI the steam nill be condensed nnd farm 
oDce mure a, cubic ineh uf wUer at tbe bottom of the tube. Ai the ilcam. 
condenses, Bnocessivo TUouums are prodocid; nad tlie piston, foried down 
by the pressure of the Blmosphero, doacends, and ftzinlly re 

By iippljing beat again, the procosa may be repeated. An up-and-down ! 
tatAUnaitaj in tbis wity be commu Dinted to the piston ; and the piBt 
Iw connected witb mschinery, Vbiah nil] thos he set in motion by tbe sl- 
temato evaponiUon of water uid duidensation ofstL'sm. Tliis wbb the prin- 
^^ ciple of the Atmoapberic Engine, wluch vsm once extenaivoly uaed, huC bus 
now been superseded. 

The Steam-En gine. 

558. Hero's Engine. — Steam and some of its jiroper- 

ties appear to have been known to the ancients ceDtiirios 

before the Christian era. Horo, of Alexandria, who flour- 

' ishcd about 200 years B. c, has left us a description of a 

ateam-engine by which machinery could be set in motion. 

Fig. aao represents Hero's Fig. SiM. 

engine. A bolloH- metsUic ~ 

. globe is supported by pivotg, 
Vid proTided with a number 
of Jets eqosllj dialaut Froni 
the pirofs, and bent at right 
angles near their outer end. 
As soon as stenni isiatrodueed. 
Into tbe globe, it issues "Tio- - 
lently froni the mouth of each 
jet, wliile on tbe opposite 
of each it presses without 
ing able lo escape. This 
bulanced pressure makes the 

globe rerolre. Hsobinory may hiio'b sraui-Bcain. 

t>e set in luoticm by means of a band coaneeted with this spparatna. 

659. Hero's was a Dimple rotatory engine. Ko use was made of it for 




f Btxrre etporlDiaiit, 
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2,000 years ; but the principle involyed has been reyiyed, and is i4)plied in 
rotatory engines at the present day. 

560. De Garay's Engine. — ^In 1543, a Spaniard, by the 
name of De Garay, undertook to propel a vessel of 200 tons 
in the harbor of Barcelona by the force of steanu He kept 
his machinery a secret, but it was observed that a boiler 
and two wheels constituted the principal part of his appa- 
ratus. The experiment succeeded. The vessel* moved 
three miles an hour, and was turned or stopped at pleasure; 
but the Emperor Charles V., by whose order the trial was 
made, never followed the matter up, and De Garay and his 
invention were forgotten. 

561. Engines of De Caus and Branca. — In 1615, De 
Caus, a French mathematician, devised an apparatus by 
which water could be raised in a tube through the agency 
of steam. A few years afterwards, an Italian physician, 
named Branca, ground his drugs by means of a wheel set 
in motion by steam. The steam was led from a close ves- 
sel, in which it was prepared, and discharged against flanges 
on the rim of the wheel. 

562. The Maequis of Worcestee's Engine. — ^The Mar- 
quis of Worcester, by many regarded as the inventor of the 
steam-engine, greatly improved on the imperfect attempts 
of those who had preceded him. 

Some say that Worcester derived his ideas from De Caus. Others claim 
that his invention was purely original, and the result of reflections to which 
he was led during his imprisonment in the Tower of London, in 1656, for 
plotting against the government of Cromwell. Observing how the steam kept 
moving the lid of the pot in which he was cooking his dinner, he could not 
help thinking that this power could be turned to a variety of useful purposes* 
and set about devising an engine in which it might be applied to the raising 
of water. 

The Marquis of Worcester generated his steam in a boiler, and led it by 
pipes to two vessels communicating on one side with the reservoir from 
which it was to be drawn, and on the other with the cistern into which it 
was to be discharged. 



559. What sort of an engine was Ilero's, and what is said of it ? 560. Give an account 
of De Garay^s engine, and the experiment made with it 561. Give an account of De 
Causes engine. Of Brancu's. 562. Whom do many regard as the inventor of the steam- 
engine ? What claim has ho to the honor f Ilow was ho led to reflect on thif subject f 
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563. Paptn's EfJonNB,— The next step was taken by Pa- 
pin, who devised the mudo of giving a piston an up-and- 
down motion in a cylinder by alternateiy generating and 
condensing steam below a piston. 

fi64. Satekt'b Engine. — Captain Thomas Savery, in 
1698, constructed an engine superior to any before invent- 
ed. He was led to invcatigate the subject by the followiog 
occurrence. Having finished a flask of wine at a tavern, ha 
flung it on the fire, and called for a basin of water to wash > 
LU hands. Some of the wine remained In the flask, and i 
steam soon began to issue from it. Observing thia, Savery 
thought that he would try the effect of inverting the fiask 
and plunging its mouth into the basin of cold water, 
sooner had he done thia than the steam condensdll, and the 
water rushing into the flask nearly fifled it. Confident that I 
he could advantageously apply this principle in machinery, 
Savery rested not till he invented an en^ue which was em- 
ployed with success in drawing off the water from mines. 

585. The prinoiple on which Saverya engine Fig. ju. 

marked, mnj be understood fhim Fig. 221. S ia a 

ted (and which does not appear in the Figure) with 
a DjIiadricDi lesael, C, called therteewir, I la known 
as lAi inJaiiOTi-pipt, und ia aaed tar Qimwing cild 

Btenm-pipe, S, uid the iiyection-pipe, I, oa 
stop-cocka, O, B, which are moied b; the cnmmo 
handle, A, eo arrangad that ivhcn one is opened tli 
other ia closed. F ia a pipe which deeceada to tli 

commanded by the valve V, opening upward. E I 
11 tho bottom of the receiver n 
to the ciatom, into which the water is to be discharged. This 
the valve Q, opening upward. 

Operation.— To work [be engine, open the atop-cock G, which oTco 
involves the shutting o! B. The steam rushes in through S, and hlla the re- | 
cciver C, driving out the air Ibruugb the valve Q. When C is (nil, abut 





iribB the parts oT Bavuc] 
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and open B. Cold water at once enters through the injection-pipe and con- 
denses the steam in *C. A vacuum is thus formed, and the water in the res- 
ervoir or mine, under the pressure of the atmosphere, forces open the valve 
V, and rushes up through F into G, till the receiver is nearly filled. G is then 
opened and B closed; when the steam again enters through S, and by its 
expansive force opens the valve Q, and drives the water up through E D into 
the cistern. 

666. Newcomen's Engine. — Savery's engine was em- 
ployed only for raising water ; but Newcomen, an intelli- 
gent blacksmith, extended its sphere of usefulness, by con- 
necting a piston, worked up and down on Papin's principle, 
with a beam turning on a pivot, by means of which ma- 
chinery of different kinds could be set in motion. 

567. About this time, also, the engine was made self-acting through the 
ingenuity of Humphrey Potter, a lad employed to turn the stop-cocks. Pre- 
ferring play 10 this monotonous labor, he contrived to fasten cords from the 
beam to the handle of the stop-cocks, in such a way that the latter were 
opened and closed at the proper times, while he was away, enjoying himself 
with his companions. His device was after a time found out, and saved so 
much labor that it was at once adopted as an essential part of the machine. 

668. Watt's Engine. — ^The genius of James Watt 
brought the steam-engine to such perfection that but little 
improvement has since been made in it. Gifted with re- 
markable mathematical powers and a reflective mind, he 
commenced his experiments in 1763. Having been em- 
ployed to repair one of Newcomen's engines, he soon per- 
ceived that there was a great loss in consequence of having 
every time to cool down the receiver from a high degree 
of heat before the steam could be condensed. This diffi- 
culty he remedied by providing a separate chambei* called 
a condenser^ to which the steam was conveyed and in which 
it was condensed. He also made the movement of the pis- 
ton more prompt and effective by introducing steam into the 
cylinder alternately above and below it. The Double- 
acting Condensing Steam-engine, as improved by Watt, and 



566. What was the only parpose for which Savory's engine was employed ? Who ex- 
tended its usefulness, and how ? 667. Give an account of Humphrey Potter's Im- 
provement, and the circumstances under which it was devised. 668. Who brought 
the steam-engine to comparative perfection ? When did Watt commence his exper- 
iments ? What disadvantage did he perceive that Newcotnen's engines labored un- 
der ? How did he remedy the difficulty ? What other improvement did he make ? 
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i8 conveyed to the cylinder A from the boiler (which is not seen in the fig- 
ure), through the steam-pipe B, which is commanded by the throUU-valve C. 
This valve is connected with the governor D, in such a way as to be opened 
when the supply of steam is too small and closed when it is too great. 

Communicating with the cylinder at its top and bottom on the left, are 
two hollow gUam-boxes, E, E, each of which is divided into three compartments 
by two valves. F is called the upper induction-valve y and opens or closes 
communication between the steam-pipe and the upper part of the cylmder, 
so as to admit or intercept a supply of steam. G, called the upper exhauetion^ 
valve, opens or closes communication between the upper part of the piston 
and the condenser K, so that the steam may either be allowed to escape into 
the latter or confined in the cylinder. The lower induction-valve g, and the 
lower exhaustion-valve f, stand in the same relation to the lower part of the 
cylinder, the former connecting it with the steam-pipe, and the latter with 
the condenser K. These valves are connected by a system of levers with a 
common handle, H, called a spanner, which is made to work at the proper in- 
tervals by iipin projecting from the rod L, which is moved by the working- 
beam. The spanner works so as to open and close the valves by pairs. When 
it is pressed up, it opens F and/, and closes G and g ; when pressed down, 
it closes F and/ and opens G and g. 

Below is the condensing apparatus, consisting of two cylinders, I?nd J, 
immersed in a cistern of cold water. A pipe, E, having an end like the rose 
of a watering-pot, conveys water from the cistern to the cylinder I (the sup- 
ply being regulated by a stop-cock), and thus condenses the steam which is 
from time to time admitted into I. The other cylinder, J, called the air-pump, 
contains a piston with a valve in it opening upward, which works like the 
bucket of a common pump, and draws off the surplus water that collects at 
the bottom of the cylinder I into the upper reservoir S. The hot-water pump 
M then conveys this water to the cistern that supplies the boiler. To keep 
the water around the condensing apparatus at the right temperature, a fresh 
supply is constantly introduced through the cold-water pump N ; which, like 
the hot-water pump and the air-pump, is kept in operation by rods connected 
with the woricing-beam. 

570. Operation. — The working of the engine is as follows : — Let the piston 
be at the top of the cylinder, and all the space below be filled with steam. 
The upper induction-valve and the lower exhaustion-valve are then opened 
by the spanner, while the upper exhaustion-valve and the lower induction- 
valve are closed. By this means steam is introduced above the piston, while 
the steam beneath is drawn off into the condenser, where it is converted into 
water. The pressure of the steam above at once forces the piston to the bot- 
tom of the cylinder. Just at this moment the spanner is moved in the oppo- 
site direction, and the valves that were before opened are closed, while those 
that were previously closed are opened. The steam is now admitted beneath 
the piston, and the steam above is drawn off into the condenser and convert- 
ed into water as before; While this action is going on, the cold-water pump 

valves work. Describe the condensiiig apparatus. 570. How is the enghie worked? 



THE STEAM-ENQINB. 
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auppliea the boilar. An up-aud-duwu motion is thua oouununicated to 
piaton, and by it to Che nrurking-beuii, vrliicb causes tbe By tu rovolvc, 
morea tho mactiineiy with which it is connected, 

371. 2%s Governor. — ^The Governor, an mgenions piece ( 
of meclianisra, by which the throttle-valve in the i 
pipe is opened anil closed, and tho supply of steam rega-, J 
lated as the machinery requires, is worthy of further de- I 
Buription. 

The governor nnd its 
GOnnectinn with the tlirol- 
tle-valvB are represented in 
Fig. 333. IlooosistBoftwu 
heavy balls of iron, E, E, 
Bospended bj metallic arms 
from the point a At e ihej 
oroBs, forming a joint, and 
are continued to/^/, where 
they ere attached by pivots 
tootliorhiira,/4j"i. Theao 
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of a lover, 
which, H, is oonai 
W with the handle 
vulve Z. The spindle D D, to which the balls are ethichcd, tiims with the 
fly-wheol. When the flywheel irvolvos very rajiidly, the balls E E, under 
the infiuenee of the centrifugal Ibrco, fly aol from the spindle, and with tho 
aid of tbe bar»/A,/A, pull down the end of the lever p. The other end, H, 
is of course raised, and with it tbebaiidle of the valve Z, which is thus made 
to close tho mouth of tho alcnm-pipe A and cut off tho supply of steam. On 
the other hand, when the motion of tbe Of diminishes, tbe centrifugaJ force 
of the balls EE also dimiaiehes, and Ifaey fali towardathe spindlo. The near- 
er end of tbe lever i^ia thus raised, while tbe end H is depressed. The valve 
Z is by this means opened, and admits a full supply ofstenm. The governor 
thus acb almost with human intelligeQce, now admitting, and notv cutting 
off the steam, just as is required. 

572. 77te Boiler. — The boiler is made of thick wrought- 
iron or copper plates', riveted as strongly as possible, so as 
to resist the expansive force of the steam generated within. 

How are the dalnms snppliadr t 
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The fire is applied in an apartment beneath or within the 
boiler called the Furnace. 

Boilers are made of different shapes, but are generally 
cylindrical, because this form is one of the strongest. Watt 
made his concave on the bottom, in order to bring a greater 
extent of surfece in contact with the flame. 

573. The Safety Valve, — ^The pressure on the boiler, m 
consequence of the expansive force of steam, is immense. 
If it is allowed to become too great, the boiler bursts, often 
with fatal effects. To prevent such catastrophes, a Safety 
Valve is fixed in the upper part of the boiler, which is forced 
open and allows some of the steam to escape whenever the 
pressure exceeds a certain amount. A lever, with a weight 
which sliJIs to and fro on its arm, is attached to the valve ; 
and the engineer, by placing the weight at different dis- 
tances, can determine the amount of pressure which the 
boiler shall sustain before the valve will open. • 

574. Kinds op Engines. — ^Engines are divided into two 
kinds. Low Pressure and High Pressure. 

In the Low Pressure Engine, one form of which has been 
described above, the steam is carried off and condensed ; 
while in the High Pressure Engine it is allowed to escape 
into a chimney, and thence into the open air. The latter, 
having no condensing apparatus, is much the simpler in its 
construction. It is noisy when in operation, in consequence 
of the puffing sound made by the steam as it escapes. 

575. As regards their use, engines may be divided into 
three classes ; Stationary Engines, employed in manufactur- 
ing, Marine Engines, for propelling boats, and Locomotive 
Engines, for drawing wheeled carriages. 

576. The Locomotive Engine. — ^The Locomotive is a 
high pressure engine. The principle on which it works may 
be understood from Fig. 224. 

^ — * 

©rnor. 572. Of what is the boiler made ? Where is the fire applied ? What is the 
nsual shape of boilers ? What shape did Watt make his, and why ? 578. What is the 
nse of the Safety Valve ? How is it worked ? 574. How are engines divided f What 
constitutes the difference between Low Pressure and High Pressure Engines ? Whicli 
lire the simpler ? Which are the more noisy, and why ? 575. As regards their u^o, 
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driven the piston to the opposite extremity. The rest of the machinery oon- 
sistB of arrangements for boiling the water, for regulating the admission of 
elcam into Ibe cylinder and its discbarge, for providing draught for the fire, 
and for giving tbo driver the meana of aliirling and slopping the engine, and 
reversing the direction of its motion. 

577. Ilktory. — ^Watt seems to have been the first to 
conceive the idea of propelling wheeled carriages by steam; 
but he was so eugaged ia perfecting the Btationary engiue 
that he did not attempt to carry out liis idea. William 
Murdoch, in 1784, first constructed a locomotive. Though 
little more than a toy, it worked successfiilly, and travelled 
80 fast that on one occasion its inventor in vain tried to 
keep pace with it. 

Eighteen years passed before anyusewaa made of Mur- 
doch's invention ; at the end of that time, in 1802, Richard 
Trei'ithick publicly exhibited a locomotive engine, so con- 

lutuwLBtthreeclassesmayenglniubodlyldBdt BTS. With Fig. 324, >how the prin- 



228 EXAMPLES FOR PBACTICB. 

fitructed that it could be used for transporting cars. Im- 
portant modifications and improvements have since been 
made, for many of which the world is indebted to Georo-o 
Stephenson, who shares with Trevithick the honor of this 
great invention. 

EXAMPLES FOB PBACnCE. 

1. {See S 510.) A joint of meat stands 2 feet from a fire, a fowl 4 feet ; how 

does the heat which strikes the former compare with that received br 
the latter ? 

2. How does the heat which my finger receives from the flame of a candle, 

when held at the distance of an inch, compare with what it receives 
when held a foot from the flame ? 



3. If we Hire but one-fifth of oar present distance from the ami, how many 

times aRnuch heat would we receive from it ? 

4. The planet Neptune is about 30 times as far from the sun as the earth is ; 

how does its solar heat compare with ours ? 

5. To receive a certain amount of heat from a fire, an object is placed 3 feet 

from it ; to receive only one-fourth as much heat, how far from the fire 
must it Ji»e placet^? 
, .' 6. {See §526.) Aqraltity of water at the freezing-point measures 22 gallons ; 
how much wiU^t measure when its temperature has increased to the 
boiling-pointf/ 

7. I have a vessel Jirhich holds 46 gallons ; how much water at a temperature 

of 32° must I put in it, to exactly fill the vessel when it boils ? 

8. What will be the increase in measure of 18 gallons of alcohol, when raised 

from 32° to 212'' f What will be the increase in weight f 

9. {See § 554.) Under a pressure of one atmosphere, how many cubic inches 

of steam will be generated from 2 cubic inches of water? From 10 cubic 
inches of water ? 

10. If 3,400 cubic feet of steam (under a pressure of one atmosphere) be con- 
densed, how much water will it make ? 

11. {See § 555.) Under a pressure of two atmospheres, about how many cubic 
inches of steam will two inches of water generate ? How many, under 
a pressure of three atmospheres ? 

12. About how many cubic inches of steam will be required, to raise 10 tons 
10 fdJfet high ? If the steam were condensed, how many cubic inches of 
water would it make ? 

proved locomotive in 1802 ? Who subsequently made important improvemecto in 
the locomotive? 



CHAPTER XIV. 

OIPTIGS. 

578. Optics is the science that treats of light and v 



e tetioi 



J^atare of lAglkt. 

679. Light, as stated in % 471, is ono of theimodes of 
force originating in molecular motion, bythe \ 
which upoa the eye we are enabled to see. 

580. Undulatory Theory. — AU space is belilved to be 
pervaded hy an exceedingly subtile and almost infinitely 
elastic fluid, to which the name ether is applied. The vi- 
brating atoms in a luminous body millions of ioiles awity, 
communicating their motion to the contik^us ather, caXige 
it to move in minute waves, lite the e^Ktcc of a pouoT 
rippled by throwing in a stone. Tlieae^idulations are 
transmitted with inconceivable rapidity t<wtho eye, strike 
the sensitive membrane that lines it, and produce the sen- 
sation of light. 

681. This TJndulatory Theory, ns it is called, advanced i 
by Descartes \darkaTt''\, hut first definitely laid down by ' 
Huyghens, esplaina most of the phenomena of optics, and 
is now universally received. 

6S2, Light waa fnnnarly thought to oonsist of minuto partioloB of mat- 
ter thrown off from InmmouB bodies, which atmoft tho eje and produaed 
thfl seDBStion of light, juat as partiolea thrown off by an odorifcmoa anV 
Btanoa affect tha organ of amoll This wag known as tha Corpusonlar, or 
Em iaaion Theory. It was held as lonK ago ae the dnys of Pytli»KQnia,nnJ 
waa received hy Newton; Taut, failing to acoonnt for many of tho faalanioro 
anlly discoTarod, it baa been wholly anperaoded by Iho Undulatory 





230 OPTICS. 

583. Hays, — ^Rays are single lines of light, the smallest 
distinct parts into which light fcan be resolved. 

Fig. 225. Fig. 22«. Fig. 227. Rays of light from the 

same body either move in 
parallel lines, as in Fig. 
225 ; or diverge^ that is, sep- 
arate from each other, as in) 
Fig. 226 ; or converge^ that 
is, come together at a point called the Focus, as in Fig. 227. 

A Beam of light is a collection of parallel rays. 

A Pqjicil of light is a collection of rays not parallel. 

A Direrging Pencil is a collection of diverging rays. 

A ^^verging Pencil is a collection of converging rays. 

I>iTisioii of Bodies. 

584. Self-luminous and Non-luminous Bodies. — As 
regards t^^e pro^ction of light, bodies are divided into two 
•classes, Sfelf-luiAifeous and Non-lmninous. 

Self-luminous bodies are those which are seen by the 
light that they themselves produce ; as, the sun, the stars, 
a lighted candle. 

Non-luminous bodies are those that produce no light of 
their own, but are seen only by that of other bodies. The 
moon is non-luminous, its light being borrowed from the 
sun. The furniture in a dark room is non-luminous, being 
invisible until the light of the sun, a lamp, or some other 
luminous body, is admitted. 

Many non-luminous bodies, when exposed to a heat of 977° F., become 
incandescent, and grow brighter and brighter with eyexy increase of temper- 
ature* beyond that point, till they reach a white heat. This is a striking proof 
of the connection between light and heat. 

585. Transparent, Translucent, and Opaque Bodies. 



683. What are Rays ? How may rays move ? What is a Beam of light ? What is a Pen- 
cil of light? "What la a Diverging Pencil ? "What is a Converging Pencil? 584. As 
regards the production of light, how are bodies divided ? "What are Self-luminous 
bodies? "What are Non-luminous bodies? Give examples. "What striking proof 
have we of the connection between light and heat ? 585. As regards the transmission 



TBANSPAKENT AND OPAliPE BODIES. 

— ^As regards the transniiBBion of light, bodies are divided 
into three classes ; Transparent, Tranaliicunt, and Opaque. 

Tranapareut bodies are such as allow light to pass frcoly 
through them ; air, water, glaas, are Iranaparent. 

Translucent bodies are anch &a allow hght to pass through 
them, but not freely ; ground glass, thin horn, paper, are 
translucent, 

Opttque bodies are such as do not allow light to pass 
through them ; wood, stone, the metals, are opaque, 

TViuu^artHl and njuiiiM lire rolstivo terms. So BubBtaaoe transmita 
light without mtorcepting some b; the wnj. It is compoted that (he Bun'a 
Fnya loae Dearly onG-fourtb of tlicLr brillidDcj by passing tiirougiltbe earth's 
atmospbere ; and tbat, if this atmcspliere exleaded 1tA«en times'aa f:iF fmm 
Ihe surface as il now does, vie shmilil receive uo light nt ull fr^'lbe sun, 
hut should be plunged in peqwtual nigbi On the other hand, an opaque 
Eubetauce, if uiadd very tbia, luay becomo tmuBparent, Ould leaf, for iu- 
£tuiee, held iu tbo sun's rajs, Iransmita a dull greenisb light. 

586. Media. — By a Medium (plural, media) is meant 
any substance through which a body or agent moves ia 
passing &001 one point to another. Air ia the metUum in 
which birds fly ; water, tho niodinm in which fish swim ; 
ether, the mediiim in wliich the planets move. In coimeo- 
tion with light, any substance tlu-ough which it passes is a 
medium ; as air, water, glass, Ac. 

587, A Uniform Medium ia one that is of the same 
eomposiiiou and density throaghoul. 

Sources of lilght. 

688. The principal sources of light are nearly the same 
as those of heat ; viz., the Sun. and Stars, Chemical Action, 
Mechanical Action, Electricity, and Phosphorescence. 

Most of unr artlGcial light is pn>duced by cbemical action, as exhibited in 
the proccra of combustion (see g 479). To this ia due tbe light of lamps, can- 

(int(;ht,liQwsr8boillMdlviiWT What sre Transiarcnt bodloif Wliat are Trans- 
1nceiitbiid)i!Br Wtitt are Oiiaque bodlmf What Is lali ot tba tanat tnmtprtriHl 
and npiiquef nowmncli gf their brIUlAnoytto thaiun'H mya lujie in psHiliig tbrough 
li^a atiuiiBpberof What woold ba tbs cun^nqilonco If iha Atmoaphoro extended Qt- 
liien tiiitea ostiTti ut preaaiitf ITuwknif an opwinc flubi^t^m bn modg Imnapurant? 
^U. -What \i a Mi^dlain! Give mnintlae. DSr. Whul 1> ■ UnlRmn UBdtnmT 
tSS. NuuiH ibe piiuuipal isiiruuE of llglit. nun U mint of uur nrUadiil Hgtil piv 
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(il^A, iin^ fires, etc — ^The mecbanioal action involved in percussion is also 
a M>uroo of li^ht. S{>arks are produced when flint and steel are struck vio- 
lently together. — ^Lightning, and the sparks given off from the electrical 
machine, are examples of light produced by Electricity. — Phosphorescent 
light is unaccompanied with perceptible heat. It is seen in decayed wood, 
fire-flies, glow-worms, and certain marine animals. Vast tracts of ocean 
are sometimes rendered luminous by myriads of phosphorescent creatures. 

689. The Sun and Stars, soijbces op light. — ^The sun 
has already been mentioned (§ 474) as the great natural 
source of heat and light to the earth. Notwithstanding 
the loss of some of its brightness in consequence of passing 
through our atmosphere, its Ught is more intense than any 
other with which we are acquainted. The most dazzling 
artifici^ lights look like black specks, when held up be- 
tween the eye and the sun, so much more brilliant is the 
latter. It would require the concentrated brightness of 
6,563 wax candles at the distance of a foot, to equal the 
light which we receive from the sun at a distance of 
91,430,000 miles. 

The fixed stars are the suns of other systems. Like our 
sun, they are self-luminous, and therefore sources of light, 
though unimportant to us as such by reason of their great 
distance. The light we get from Sirius, one of the bright- 
est of the fixed stars, is only one twenty-thousand-millionth 
of what we receive from the sun. When the sun shines, 
the stars are invisible, their light being lost in his superior 
brightness. 

The light of some of the stars is so faint, that it is entirely absorbed by 
the atmosphere before it reaches the eye of an observer at the level of the sea. 
This is the. reason why more stars are visible from the top of a mountain than 
from its base. 

590. The moon and planets are non-luminous, receiving from the sun the 

clnood ? Give an example of light prodnced by mechanical action. Of light pro- 
ducbd by eleotricit^. What is the peculiarity of phosphorescent light ? In what is 
it seen ? &S9. What is the great natural source of light to the earth ? IIow does the 
Bun's light compare with other lights with which we are' acquainted? Prove this. 
To how many wax candles is the light received ft-om the sun equal ? What are the 
fixed stars ? What renders them unimportant to us, as sources of light ? How docs 
the light of Sirius compare with that of the sun ? Why are the stars invisihle in the 
day>time ? Why can more stars be seen ftom the top of a mountain than from its 
Kmo ? 69Ql What heavenly bodies are non-luminous ? What follows with respect to 
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light withwliioli they bMqb. Thia ligit, reflootod to tl 
foriorinbrigiitiiaBS to tlialreoeiveddireclljfrom tliesun. Tlio latlor body, 
for oiumpia, givoa UB 547,500 timoa as much liglil as the IWl m 

Propagatiou of liigtit. 

591. DiEKcrrioN, — Light radiates from every point of a I 
luminotts surface in even/ direction, 

Tbe flame of a cimdle cac bo seen bj thousands of peraoas at oDce, t 
iBUBe a nj frooi the ftaoie meets tbeeyo of each^ 'Within [heimmeDBQ apa 
belonging tu tlie sulu' sjBtem, there ia no point at wbich an obaerrer ciu 
plaoad without eeeiog tbe buq, provided do opaque body intervcoBa. Frc 
tlio nun, tbcrefora, and &om ever; luminous body, an influite nnmher of ra 

592. In a uniform medium, light is propi^ated in I 

straight lines. 

Look Ihrongli a straight tube at tbs sau, uid yon" aee it ; not bo, if yoa | 
look llirough a bent or curved tube. Plaoe a book between your eyo : 
gas-buruer; the lattEcia uotTiaible, because, to reacb j,-3ar eye, Ibo light from i 
it would haro to deviate from a straight lino. Darken a room, and admit 
sunbeam through a small bole JD a abutter. Its path, marked out by the I 
flootmg dust thaKt illmniaalea, is seen to be a straight line. 

GS3. Ilia rays proceeding ia straight lines from dilTereat particles of a 
luminous body crosa at every point within ttia sphure of its illumipation, but 
tvitboutat all interfering with eaoh other; just as differetit forces may act 
on an object, and each produce the aame cSbct aa if it acted alone. A dozen 1 
candles will shine through a hole in tho wall of a dark room, and each with '] 
tbe aamo intensity and direotiou as if no other rays than its own iTaversed J 
tho narrow passage. 

594, Velocity,' — Light travels with the enormoua ve- J 
locity of 1 85,000 miles in a second. While you count one, ,1 
it goes eight times round the earth ; it 'would take the j 
swiftest bird three weeks to fly once around it. Light! 
traverses the space between the sun and the earth in about "j 
8i minutes ; a cannon-ball would lae seveoteen years ia 1 
going the same distanoe. 

thaitUghtf How do8alliomonli'sllglil«iinp«re wllSUie Bun-s? Ml. WbatlitUc 
law (Or the direction of mdlstod light I fihow the Iralh (if this law in the one of n 
cunrtlo and tie mn. BM. lo a nnllbnn miKlliim, how [> llgbt iiropaeatpd t Piovo 
thie by soma fcmilinr 6iportments. BM. What Is aatd of tie ibjs pnwei^.llng In _ 
BtrnlBht lines from dJITi;n!nl pnrtlcles of i liimlnuM body T lUustmlo th 
ihrough a hole. 694. What U thn velocity ofllgbt r " — 
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The velocity of light was discovered accidentally, bj Roemer, an eminent 
Danish astronomer, when engaged in a series of observations on one of the 
moons of the planet Jupiter. This moon, in a certain part of its path, be- 
comes invisible to an observer on the earth, in consequence of getting be- 
hind its planet. Knowing that the revolutions of the moon must be per- 
formed in the same time, Roemer supposed that the intervals between these 
invisible periods would of course be uniform. To his surprise, he found that 
they differed a little every time ; increasing for six months (at the expiration 
of which, the eclipse was 16 min. 26 sec. later than at first), and then de- 
creasing at the same rate for a similar period, till at the end of the year he 
found the interval precisely the same as at first. The conclusion was inevi- 
table. The discrepancy was caused by the difference in the earth's distance. 
If the first observation was made when the earth was at that point of her 
orbit which was nearest to Jupiter, six months afterwards she would be a^ 
the most distant point ; and the light from Jupiter s moon, to reach the' 
obscrver'^ye, would have to travel the whole distance across the orbit 
(abont 183,000,000 miles) farther than before. Here was the key to a grand 
discovery. K light is 16 min. 26 sec, or 986 seconds, in travelling 183,- 
000,000 miles, it is easy to find how far it travels in one second. 

695. Intensity at difpbrent Distances. — The inten- 
sity of light, like tfiat of radiant heat^ diminishes as the 
square of the distance increases, ^ 

Let several objects be placed respectively 1 foot, 2 feet, 8 feet, Ac, firom a 
luminous body ; they will then receive different degrees of light proportioned 
to each other as 1, 1/4, V»» A^* — ^ planet twice as far from the sun as the 
earth is, would receive from it only 1/4 ^ much light ; one three times as far, 
1/9 as much ; one ten times as far, 1/100 as much. 

596. This is illustrated with Fig. 228. A 
square card placed at A, a distance of 1 foot 
from the candle, receives from a given point in 
the flame a certain amount of light. This same 
light, if not intercepted at A, goes on to B at a 
distance of 2 feet; it there illuminates four 
squares of the same size as the card, and has, 
therefore, but one-fourth of its former intensity. 
If allowed to proceed to C, 3 feet, it illuminates nine such squares, and has 
but one-ninth of its original intensity, &c. 

Sltadonrg. 

597. Light felling on an opaque body is intercepted. 




velocity of light discovered ? State the facts and reasoning by which Boeiner arrived 
ftt this discovery. 595. What is the law relating to the intensity of light at diflterent 
tiistances ? Give examples. 596. Illustrate this law with Fig. 228. 597. What fs 




The darkness thus producoil beliiiid tlio opaque boily ia 
caUed its Shadow. 

.63S. Shadows are not all aquaUy dark. They may be more or loss illu- 
■uined by rsSected light or by raya fium Bome luDninoiiB budy thnt ate not 
intercepted. Thus, if there are two lighted caudloa in different purls of a 
room, the Bhadotr mat by either is lesa dark Ihon if it were burning alone. 
Agam, the brighter the light thnt producvs a shadow, tlie darker it oppvara 
by Goutraat. Uenoe, to compare Ihe inlcnaity of diOtrent liglits, observe Iho 
aluidows respectively cait at equal dialaDcea ; the one that throws tba dark- 
est shadow ia the brightest light. 

599. Wlien the luminous body is larger than the opaque 
body it shiuea on, the latter throws a shadow smaller than 

.»jBtelf; and this shadow diminiahea according to the dis- 
tance oFthe surface on which it is thrown. 

Id Fig. £ZD, let A be a InminauB, and Fl^. 229. 

B an opaqne, body. B's sbadaw, no mat- 
ter how near the surface on which it ia 
thrown, must be smaUer tbuu B itself; 
and, U the surface is removed from B, the 
abadow diminishes, till it is reduced to » point at C. 

I^ on the Ikntrary, the opujne body is the larger of the 
two, it throws a shadow greater tlian itself j and this shad- 
ow increases according t^. the distance of the surface on 
which it is thrown. 

600, The Pesumbra, — Every luminous body has an in- 
finite number of points, from each of which proceeds a pen- 
oil of rays. When an opaque Tfody ia interposed, some of 
the space behind it is cut off from all the rays of the lumi- 
nous body, and thia constitutes the shadow proper. Part 
of the apace, however, whDe it Fig.sso, 

is cut off fi'om some of the rays, 
is illnmined by others ; thia is 
called the Penumbra. 



I 



In Fig. a 
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it P be the flame of a 
L opaque object placed bo- 
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by any ray fipom P, and is therefore the Shadow of A B. The space A E C, 
while it is cut off from the rays produced by the lower extremity of the flame, 
is illumined by its upper extremity \ hence it is nowhere so dark as the shad- 
ow, and becomes lighter and lighter as the line AE is approached. So the space 
B D F is cut off from the rays produced by the upper part of the flame, but 
receives those from the lower part, and is therefore partially illuminated. 
The spaces ACE, BDF, constitute the Penumbra, or imperfect shadow, 
ofAB. 

Reflection of liiglit* 

601. When light strikes an opaque body, some of it is 
absorbed, and some reflected, or thrown back into the me- 
dium from which it came. According to the TJndulatc|ir 
Theory, we should say that some of the imdulations thft 
strike ^he opaque body are brought to rest, while others 
are reproduced in the same medium with a different direc- 
tion from what they had before. 

The reflection of light is analogous to the reflected motion of aa India 
rubber ball thrown against a solid surface. It is by the light irregultrly re- 
flected from their surfaces that all non-luminous bodies are seen^ 

Transparent surfaces, as well as opaque, reflect soi|§ of the light that 
strikes them ; otherwise, they would not be visible. We see overhanging 
objects mirrored in a stream with great distinctness, because a portion of the 
rays received from them are reflected by iti^ water to our eyes. 

602. That branch of Optics which treats of the laws 
and principles of reflected light, is called Catoptrics. 

603. Rays that strike a body are called Incident Rays. 

604. Reflectivb Power of Different Surfaces. — 
Different surfaces reflect the light that strikes them in dif- 
ferent degrees. By none is the whole reflected. 

If any surface were a perfect reflector, — that is, threw back all the light 
that struck it, — the eye would fail to distinguish it. Looking at such a sur- 
face, we should see nothing but images of the bodies that produced the 
incident rays. If, for example, the moon reflected all the light it received, 
it would have the appearance of another sun. It is because there is not a 

it produced ? Illastrate the mode in which the shadow and penumbra are produced, 
with Fig. 280. 601. When light strikes an opaque body, what becomes of it ? Ex- 
press this according to the Undulatory Theory. To what is the reflection of light 
analogous? How are non-luminous bodies seen? Is the reflection of light con- 
fined to opaque surfaces? Prove that it is not. 602. What is Catoptrics? 
608. What is meant by Incident Rays ? 604. What is said of the reflection of light 
from diflFerent surfaces ? If any surface were a perfect reflector, what^Krould be the 
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,a bodias niiicb n; 
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perfect snd regulnr reScction tbKt tbe n 
eye every muni cut are viaiblu. 

TLough iooident lEght ia miver whiillj rcBocled, yet from aoniE surfaces it 
is thrown uffvrith a high diigruo of regularity, imd with its intensl^ dluiia- 
iaheit aompamtirely little. If, far iastunce, we look at n good pliit«-glasa 
mirror hang opposite lo us at the end of a room, we con hardly persuade 
DtiniGlves that there ia aot aDolher apartment beyund, the CDuaterpurt uf the 
one which we are in. The snrfaoe of the n ' 
queuce of its great reflectivo power. 

■ 605. The proportion of incident light reflected depends I 
on two things : — 1. The angle at which it strikes the Bur- 
iace. 2, The character of the surface. 

The more obliquely light strikes a surface, the greater . 
is the quantity reflected. 

In Pig. 231, let 01) be a surface of polished 
block marble, A and B are incident beams, 
with on intensity rated at 1,000. Let B strike 
the morhle at an angle of 3 degreea, and a ^ 
beam having an iat<aiaity of BOO will bo re- C'" ~" 
lleoted. Let A strike it at an angle of eo de- 
green, and the reficctod beam will birre ma intensity of 0[ 

Light-colored and polished surfaces reflect a much 
greater proportion of incident light than dark and dull 
ones. Here ag^n the laffa of light and heat agree, 

A room with white walla ia much lighter than one with black or dork- I 
colored walli. ,A house painted some light color, or a dome covered with ' 
polished tin, ia more reodily seen from b distance than a dark wall or ao or- 
dinary roof. 

- 606. Mirrors. — ^Tlio laws of reflected light are best in- 
vestigated and'exi>laioed with the aid of mirrors. 

607. Mirrors are solids with regnlar and polished sur- 
faces, having a high degree of reflective power. They are J 
made either of some metal susceptible of a high polish, sucU 
as silver and steel, or of clear glass covered on the back ' 
with silver or a mixture ^f tin and mercury. A metallic 
mirror is sfcraetimes called a Speculum (plural, apeew/a). 
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From glass mirrors there are two reflections ; one from the surface first 
struck, the other from the back coated with mercurj. Hence two images of 
an object before the mirror are presented, the distance between them being 
equal to the thickness of the glass. But the image produced by the front 
surface is always faint ; and, when the back is well coated, the other image 
is so much superior that the faint one is entirely lost. 

608. Kinds of Mirrors, — As regards shape, mirrors are 
divided into three classes ; Plane, Concave, and Convex. 

A Plane Mirror (AB, in Fig. 232) is one that reflects 
from a flat surface, like a conmion looking-glass. 

A Concave Mirror (E F, in Fig. 233) is one that reflects 
from a curved surface hollowing in like the inside of the 
peel of an orange. 

A Qpnvex Mirror (C D, in Fig. 234) is one that reflects 
from a curved surface rounding out like the outside of an 
orange. 

A concave mirror polished on both sides becomes a conyex mirror when 
its opposite side is presented to the incident rays. 

609. Great Law op Rbflectkd Light. — ^The law of 
reflected light is like that of reflected motion : — ITie angle 
of reflection is always equal to the angle of incidence. Tliis 
law holds good whether the reflecting surface is plane, con- 



cave, or convex. 



Fig. 233. 




Figs. 232, 233, 234, illustrate this law. In each Figure, i represents the 
incident ray, R the reflected ray, and P a perpendicular. I Q P, the angle 
which the incident ray makes with the perpendicular, is called the angle of 
incidence. R Q P, the angle which the reflected ray makes with the same 
perpendicular, is the angle of reflection. From every surface, whatever its 
form, the incident ray is thrown off in such a way as to make the angle of 
reflection equal to the angle of incidence. 



made? What is a Speculum? How many reflections are there from glass mirrors ? 
How are they produced ? What is said of the images formed ? 60S. As regards 
shape, how are mirrors divided ? What is a Plane Mirror ? What is a Concave Mir- 
ror ? What Is a Convex Mirror ? How may a concave mirror iwlished on hotli sides 
be made a convex mirror f 609. State the law of reflected light lllua^to this with 
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eiO. From these Figures it ia abTiaus thut im objeot which would not 
isible can bo seen by relleetiOQ from« mirror. Thug, let tLe 
upper pu't uf PQ represeoC ui opuiiue isenien. I an object oa Don side of it, 
Hid B tlie eye uf an obsorvec oti the other, I is uot rinible to a persoa at R 
looking directlj iit it, ou account of tho intorpoailioo of the serecu ; but, aa 
tbe ungls of reflection is nlnaya equal to the anglG of incidence, it con be 
Been from K by looking at the mirror. 

611. Images. — Ey tho Image of an object is meant a 
luminous picture of it formed Ly rays proceeding from its 
different points. An image is said to bo iuTertcd when tt 
represents its object as upside down, — that is, with its low- 
est part uppermost. 

Fig. 383, 



» 




Fig. 23a illuBtratea tlio formntion of nc image. R B represents a soldier 
nilh u red cotit uid blue trowaers EtDuding in strong auulight oppoaite 
the white wall 'W. Lot Uie ehutten B 8 be thrown opeu, aad not only the 
light reflected from Uie peraoa of the soldier, but also otber njB, enter the 
apartment, making itH light a mttturc of all cold's, or white, in wbich Iba 
red and the blue tinge of tbii dreaa are lost, and no image ia formed, Xowlet 
the shutters S S bo closed. Itavingat A an eiceudiaglysmall aperture, through 
whlcb the raji relleclod from the figure are ullawed to roach the wall, Aa 
light is propagated in straight lines, the ray R will atrike Ibe wall at r, B at 
b, nnd lat t, Tbe image will therefore bo Inverted; and, at each ra; retains 
its color, tbe coat will remain red and the IronaerE bine. This eiperimsnt 
confirms two,prinoiple8 already staled: — 1. That every ray moves in ■ 
alrnight lioe ; S. TluU an infinite number of rays may cross encb otber with- 
out iulerTeHng with the effect wbich each would separately hove, 

012, Images formed by apertures are alw.iys inverted. 
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Fig. 288. 



613. REPLEcmoN FEOM Planb Mierobs. — ^Plane mir- 
rors do not alter the relative direction of incident rays. If 
the incident rays are parallel, they will remain parallel after 
reflection ; if divergent, they will continue to diverge ; if 
convergent, they will continue to converge. 

614. Objects seen in a plane mirror seem to lie in the 
direction of the reflected rays that meet the eye, and to be* 
as far behind the mirror as they really are in front of it. 
These principles are illustrated with Fig. 236. 

A B is a plane mirror. G, D, are parallel rays striking 
its surface. Thej are reflected in parallel lines to c, d; 
and to an observer at those points will appear to come 
from G, H, as far behind the mirror as G, D, are in front 
of it. 

E is a diverging pencil. After reflection, its rays con- 
tinue to diverge to e^ e, e ; and to an observer there they 
appear to diverge in unbroken straight lines from the point 
I, as far behind the mirror as E is before it. 

F, F, F, represent converging rays. After reflection, 
they continue to converge, and meet at the point f. An 
observer aty would suppose them to come in unbroken 
lines from J, J, J, as far behind the mirror as F, F, F, are 
in front of it. J^ 

615. When we walk towards a looking-glass, our image T 
seems to advance towards us ; and when we recede from 
it, the image also recedes. The image always appears to be the same dis- 
tance from the mirror that the object is. 

616. The angle of reflection being equal to the angle of 

incidence, it follows that a person may see his whole figure 

Fig. 287. reflected from a mirror whose 

A E length is but half his own height. 

In Fig. 237, C D represents a 
man standing before the mirror 
A B. The incident ray from the 
^ ^^~^ head C strikes the mirror perpen- 

dicularly, is reflected in the same line, and appears to come 






612. What kind of images are formed by apertures ? (H8. What efltect have plane 
mirrors on the relative direction of incident rays? 614. How do objects seen in a 
piano mirror seem to lie ? With Pig. 286, illustrate the reflection of parallel, diverg- 
ing, and converging rays fh>m a plane mirror. 616. When we approach and recede 
fW>m a looking-glass, what phenomena are presented ? 616. How is it that a person 
can see his whole figure reflected from a mirror whose length is bat half his height ? 
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from E. Tho ray from his foot D strikes the mirror at B, 
is reflected at an efjual angle to his eye, and ajipoars to 
come in an nnbrokeu line from F. The extremities of his 
perMm being seen, the intermediate jiarta are also visible, 
formiDg a complete image. 

617. Images formed by Plane Mirrors. — ^The size of 
images formed by plana mirrors is not changed, except bi> 
far as they seem smaller in coosequence of their appareut 
distance behind the mirror. «« 

61S. Ab the iniiige facea the opposite way from tho object, if the mirror is 
TQi-tiCBl (tbut is, perpeodicular to the floor), the rigbt Bide of the objwt will 
he (he leflorthe image, sad the lell sida uf tho object the right of the image. 
If a persoa Btonda bcforQ a mirror irith a book in his right hand, the book 
ceenis (a he in the left bund of his image; and, if he brings the printed page 
near the mirror, he can nut read it, for tLe rcaection turns about both letters 

Place the aamo plane mirror la a boriiontal position (that is, lay it on the 
floor with its face up), aud tlie image, which before simply had ilB sides 
transpoBed, now beeonws iuverted, or eeems to stand oil its bead. On the 
Buuie principle, a tree or other objeut mflected fVutu Ihc surfuce of a pond, ia 
Inverted. 

619. The Kaleidoscope. — When an object ia placed be- 
tween two parallel plane mirrors, each produces an imago 
of its own, and reproduces the image reflected to it from 
the other. This image of an image is agwn reflected by 
each to the other, and tbua a neiies of images is prodaced, J 
till the rays become so faint by successive reflections as to | 
bo no longer discernible. 

When the mirrors are placed at right angles to each 
other, an object between them forms three images, — one 
produced by each separately, and one by a twofold reflec- 
tion from both. Placed so as to form with each other an 
angle of 60 degrees, the two mirrors will produce five im- 
ages ; at 45 degrees, seven. 

TTiia principle ia applied in the Kaleidoscope \ka,ii'-do' ; 
tcopel, a beautiful toy invented by Sir David Brewster. 

flIT. Wluitl9Ml(lci/l1ii>«l«oiif InmgojtonnodbrplanB 
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620. The kaleidoscope consists of two narrow strips of glass running 
lengthwise throagh a tube, and forming with each other an angle of 60 or 45 
degrees. One end of the tube, to which the eye is to be applied, is covered 
with clear glass. The other end terminates in a cell formed by two parallel 
pieces of glass an eighth of an inch apart, the outer one of which is ground 
to prevent external objects from marring the effect This cell contains beads 
or small pieces of glass of different colors, free to move among themselves. 
On applying an eye to the tube, we see the objects in the cell multiplied by 
repeated reflections from the mirrors, and symmetrically arranged, with their 
images, around a common centre. By shaking the tube, we bring the ob- 
jects into new relative positions, and have new combinations presented. 

621. The Magic Perspective, — ^By arranging four plane 
mirrors as represented in Fig. 238, a person is enabled to 
see an object by looking directly towards it, though an 
opaque screen is interposed. 

A rectangular box is. bent 
Fig. 288, four times at right angles ; 

and in each of these angles 
is placed a piece of looking- 
glass, B, G, D, £, at such 
an inclination that the inci- 
dent ray may stiike it at an 
angle of 45 degrees. Any 
TM MAOio PBESPionvB. oh}&(i\, opposite the aperture 

A is visible to an eye ap- 
plied at the other extremity, though an opaque screen be placed between the 
arms of the instrument. The rays from the object first strike B at an angle 
of 45 degrees, and are reflected at the same angle to G, thence to D, thence to 
E, and finally to the observer's eye. The inventor of this instrument recom- 
mended its use in time of war, for discovering an enemy's movements with- 
out any exposure of the observer's person. It is more commonly used, how- 
ever, by itinerant showmen, who for a penny allow the curious to read through 
a brick. 

622. Reflection from Concave Mibbobs. — ^In gen- 
eral, the effect of concave mirrors is to make incident rays 
more convergent or less divergent. In most cases, the im- 
ages they produce appear in front of them. 

623. Parallel rays striking a concave- mirror are made 
to converge to a point called the Principal Focus. This 

to each other ? How many, when they form an angle of 60 degrees ? Of 45 degrees ? 
In what is this principle applied? 620. Describe the Kaleidoscope. 621. How is a 
person enabled to see an object by looking towards it, though an opaqae screen is in- 
terposed? Describe the Magic Perspective. By whom is it commonly used? 
622. What is the general effect of concave mirrors ? What is said of the images they 




/ 



RBFLECTION FROM 



243 



f\ 


1~^' ' " r 


A.J^ ' '. 


1/ 







point is halfway between tho surface of the mirror and the 
centre of the sphere which the mirror would form if it were 
extended with uniform curvature. 

In Fig. 839, let A E B be a ooDoare mir- ng. 8M. 

rar, forniiDg part of the Burfacc of a Bphere, 
of itbicb C is tho ceotra. Tho pomllol raya 
rf, e,/, g. A, are reflEctad to tho principal fo- 
cus F, niidwaj between (lie larfuce and iba 
ceotre C. 

Not Dnl; is light CDncentrated at the fo- 
cus, but uIho boat, us we bad occasion to 
Dole in g47<t. Tiudcr, wood, or Bii<r other osmbuatible material, a readily I 
iynitod, and wilb a conibloalioa of suchmirrorH Ihe laost intense beat cbd ba | 
produced. Heuce concave mirrora aro aomotimca culled Burning GItuues. 

624. Converging rays reflected from a concave mirror 
are made to converge more. 

625. Diverging rays reflected fiom concave mirrors are 
diSerently affected according to the poaitioii of the point 
from which they diverge. 

626. Diverging rays starting from the principal focus 
are made parallel. This is obvious from Fig. 239. The 
rays diver^ng from F, after etriking the mirror, are re- 
flected in parallel lines to r/, 6,f, g, h. 

Tbii principle is turned to account in lighl-hooses. Tho light ia placed it) 
the (bcuB of a coDcaTO mirror, and ila mys are roHeoled in parallel tines from 
every point of the mirror's surface. No imago of tho light is produced, but 
tbe whole surface of tho mirror appears illuminated. 

627. Diverging rays coming from a point hetween the , 
principal focus and the mirror, become less divergent after 
I'eflection. An object in such a position forms an image " 
larger than itself^ which seems to be situated behind the | 
mirror, 

628. Diverging rays coming from a point between the 
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l)rincipal focus and the centre, converge, after reflection, 
to a focus on tlie other side of the centre. An inverted 
image "^dll there be visible, suspended in the air. This im- 
age is made more distinct, and its effect greatly increased, 
by causing a cloud of thin bluish smoke to rise about the 
spot from a chafing-dish placed beneath. 

By concealing with screens the mirror, the object, and the light that illu- 
mines it, and allowing the reflected rays to pass through an aperture, we may 
give the image all the appearance of reality. The observer beholds delicious 
fruit hanging in the air without any visible support, and can hardly convince 
himself that it is a delusion, even when he tries to grasp it without success. 
He sees a pail full of water standing bottom upward without spilling its 
contents, and men with every semblance of life walking on their heads. It 
was with apparatus of this kind that the pretended magicians of the Middle 
Ages wrought many of their miracles, terrifying the uninitiated with sudden 
apparitions of skulls, drawn swords, skeletons, ghosts, &c. 

629. Diverging rays coming from the centre are reflect- 
ed by a concave mirror back to the same point. Here, as 
in all other cases, the angle of reflection is equal to the an- 
gle of incidence. Striking the surface at right angles, they 
are reflected at right angles back to the centre. 

630. Diverging rays coming from a point beyond the 
centre, after reflection by a concave mirror, converge to a 
point on the other side of the centre. In this case, the im- 
age is inverted and smaller than the object. 

631. Reflection by Convex Mierors. — ^In general, the 
effect of convex mirrors is to make incident rays more di- 
vergent or less convergent. The images they produce, like 
those of plane mirrors, seem to stand behind them, and are 
generally smaller than the objects they represent. 

632. Parallel rays striking a convex mirror are made to 
diverge, as if they proceeded from a point on the opposite 
side of the mirror, called the Virtual Focus. This point is 



prindpal focns and the centre ? What sort of on image is formed ? How is the ima^o 
made more distinct ? How may wonderftil effects be produced with this mirror? By 
whom was apparatus of this kind employed? 629. What is the effect of concave mir- 
rors on diverging rays coming from the centre ? 680. What is their effect on diverg- 
ing rays coming from a point beyond the centre ? In this cose, what kind of an image 
is produced ? 631. What is the general effect of convex mirrors ? What is said of 
tDu images they prodaoc ? 632. What is the effect of a convex mirror on parallel 
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half way between the mirror and the centre of the sphere 
which the mirror would form, if it were extended with uni- 
form curvature. 
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centre. The piirallel rsja u, i, fl, d, e, 
dircr(^ after reSection \af, ij, c, A, i, 
as if Oiey had come from the virtual 
focaa F an ttie atlier aide of tbe mir- 
ror. P is half way hetweoa the mir- 



633. Diverging raya fiill- 
mg on a convex mirror are made more divergent by refleo- , 
tion. Converging rays are made less convergent, in some 
oasea even becoming parallel. 

Refraction «f I.iirlit. 

634. When light strikes a transparent body, some of it 
is reflected and makes the body visible. The rest enters 
the body, and is partly absorbed and partly tranaraitted 
through it. According to the undulatory theory, we should 
say that some of the imdulationa that strike the transparent 
body are reproduced in the same medium with a change of 
direction, while others are brought to rest within the body, 
sa\A. others agdn are transmitted through it with certain 
modifications. 

"We have treated of that portion of the light which is 
reflected ; we must now look at that which entera the trans- 
parent body, 

aS5. When B. boj rowing a bgat brings liis oar into the water, it no longer 
looks straight, bnt broken at (lio point nhere it enters. Die same nppear- 
anCD ia proaented when he planges a epoon or cane QbMqnely in a pail of wa- 
ter. On talcing nut the oar, the spoon, and (he caos, thej look perfect];' 
straight ^DJn. It is oridenl, therefore, that tbe rays coining iVoni UiH parts 
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immened are tumed from their course on enteriog the air, so that the points 
from which thej come appear to lie where they do not really lie. Rays thas 
tumed from their course are said to be r^raded, 

636. Refraction is that change of direction which a ray 
of light experiences on passing obliquely from one medium 
to another. 

For an example, see the ray A in Fig. 241. If there were no water in th« 
vessel, it would go on in a straight line to B ; when the vessel is filled, it is 
refracted to C. 

637. That branch of Optics which treats of the laws and 
principles of refracted light, is called Dioptrics. 

638. Rkpbactive Power op Different Media. — ^All 
media do not have the same refractive power. Rays of 
light falling from the air on water, alcohol, glass, and ice, 
are tumed from their coarse in different degrees by each. 

A medium that has great refractive power is said to be 
dense; one that has but little, is called rare. The terms 
dense and rare^ therefore, applied to media in Optics, have 
a different meaning from that which they convey in other 
departments of Natural Philosophy. 

As a genend rule, those- media are the densest that have the greatest spe- 
cific gravity ; and, of media having about the same specific gravity, the most 
inflammable is the densest. The following substances are arranged accord- 
ing to their refractive power, chromate of lead, a transparent solid, being the 
densest : — Chromate of lead, diamond, phosphorus, sulphur, mother-of-pearl, 
quartz, amber, plate-glass, olive oil, alcohol, water, ice, air, oxygen, hy- 
drogen. 

639. Laws of Refracted Light. — 1. In a uniform 
rmdium^ there is no refraction. It is ordy on passing from 
one medium, {or stratum of a medium) to another^ that a 
ray is tumed from, its course, 

2. Only such rays OjS enter a medium ohliqudy are re- 
fracted^ — not such as enter at right angles, 

3. When a ray passes obliquely from a rarer to a denser 

other. What term is applied to such rays? 686. What is Reft-action ? Illustrate this 
definition with Fig. 241. 687. What is Dioptrics ? 638. What is said of the refractive 
power of different media? What is a Dense Medium ? What is a Bare Medium? 
What is said of the meaning of the terms dense and rare in Optics? As a general 
rule, what media are the densest? Mention some substances in the order of their 
id^acti ve power ? 689. What is the first law of refracted light ? The second ? The 



medium^ it ts refracted towards a line perpendicular to 
the mer/ace. In Fig. 241, let the ray A pass from wr, a. 
rarer medium, into water, a denser niediam, and inetead of 
going on in a Btraiglit lino to B, it will be Fig.aii. 

rofi-a<?'.ted to C, nearer the perpendicular. 

4. Whmaray passes Jrotn a denser f} 
diiiTn into a rarer, it is refraeted from t/te 
perpendicular. In Fig. 241, let the ray B 
3 obliquely from vater into fur, and in- 
stead of going on in a straight line to A, it " " 
wiU be refracted to D, farther ii-om the perpendicular. 

640. Au intercBtinii; experimeDt wbicb every pupil la&y perform Far bim- 
telt, admirably illiwlratea refrection, and prarea the last law tu be true. 
Place It coin on the bottooiaf ui empty TCHBel(eeo Fig. 2li. 

Fig. 242), and fix the eye in such a position that 
it juaC missea seeing it on acconnt of the TessH'n 
aide coming between. Keep the eye there, juvl 
!t water be poured in ; the coin will then Iji'i "< 
ifiibie, the raya tntm its aurfoce being rcfr.j^'i 
1 as lo meet Hie eye. The coin will appear i < 
ii K, some distance above the bottom of the t .., 

; becanaotho rajB from it that last nieot the aya, if cu 
lineB, would go on to that point. 

The change oanaed by refraction in the apparent p 
often mialeadg persona standing on the bnntc of a shuct of water aato its 
depth. Objects 00 ibo bottom aeem to be BeveriJ feet nearer the snrfnee than 
leived by the appearance, venture beyond Iheir 
depth and are drowned. 

641. AraospttEKic Refkaction. — ^Rayafrom the heav- ' 
enly l)odiea, on entering our atmosphere obliqnely from a 
rarer mediuna, are refracted towards the perpendicular. 
Hence we never see these bodies in their real position, ex- 
cept when they are directly over head. 

The sun is ritdblu to na some time before he really rii 
and remains risible at nigbt after he has sunk below it. We owe our twi- 
light to sm^cesBive reflections and refructiona of his rays by atmospheria 
atralB of different dcnaities, after he hm dieappeured. 
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642. Mirage. — ^Different strata of the atmosphere differ 
in their refractive power. Accordingly, rays from an oV 
ject below the horizon (that is, concealed from us by the 
romidness of the earth) may, under peculiar circumstances, 
by successive refractions through different strata, be made 
to describe a curve to our eyes, and wiU in that case ap- 
pear to come from a distant point in the air lying in the 
direction of the line described by the ray as it entered the 
eye. Such is the origin of the phenomenon called Mirage 
\me-rahzfi\ 

Mirage is the appearance in the air of an erect or in- 
verted image of some distant object which is itself invisible. 
It is most frequently seen on the water, but has also ap- 
peared to persons travelling through deserts, with such viv- 
idness as to make them believe that they saw trees and 
springs before them in the distance. 

Min^e is sometimes remarkably distinct at sea. Captain Scoresbj, on 
one occasion, in a whaling-ship, recognized his father's vessel, when distant 
from him more than 30 miles (and consequently below the horizon), by its 
inverted image in the air, though he did not previously know that it was 
cruising in that part of the ocean. Another notable case occurred on the 
coast of Sussex, England. Cliffs were distinctly seen in the air ; and the 
sailors, crowding to the beach, recognized different parts of the French shore, 
distant from 40 to 50 miles. These phenomena are comparatively frequent 
in the Strait of Messina, and as there exhibited have been called Fata Mor- 
gana {faV'tah mor-gah'-nah], 

643. Refraction by Prisms and Lenses. — ^Prisms and 
lenses are much used in experimenting on light and in the 
construction of optical instruments. 

Fig. 248. ^^^' -P^'*^'^- — ^ Prism (see Fig. 243) 

is a solid piece of glass, having for its sides 

three plane surfaces and for its ends two 

A PBiBM. equal and parallel triangles. 

645. A ray of light falling on a prism must pass through 

two of its surfaces. If it strike both of them obliquely, it 

-* . 

To what do we owe our twilight? 642. Explain how an object below the horizon is 
Tendered visible. What phenomenon is thus produced ? What is Mirage ? Where 
Is it seen ? What case of mirage is recorded by Captain Scoresby ? What other nota- 
ble case is mentioned ? Where. are these phenomena frequent ? 648. What are much 
used in experimenting on light? 644. What is a Prism ? 645. What is the effect of 
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Fig. 244. 
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will be twice refracted ; if it strike one surface perpendic- 
ularly and the other obliquely, it wiU be refracted but once. 
In either case, the object from which it comes wiU appear 
to lie in a position more or less removed from its real one. 

Fig. 244 shows the refractive effect of a prism. 
A ray from E, entering *the prism ABC, from 
air, a rarer medium, is refracted to D, and on 
passing back into the rarer medium, at that point 
is refracted to the eje. The object from which it 

comes appears to lie at F, in the direction from ^^^"^ ^ \ B 

which the ray entered the eye. Had there been 

but one refraction, it would still have appeared elevated above its real posi- 
tion, but not so much. 

646. Lenses. — ^A lens is a transparent body which has 
two polished surfaces, either both curved or one curved and 
the other plane. The general effect of lenses is to refract 
rays of light, and magnify or diminish objects seen through 
them. They are generally made of glass ; but in specta- 
cles rock crystal is sometimes used instead of glass, because 
it is harder and less easily scratched. 

647. Classes of Lenses, — ^Lenses are divided into six 
classes according to their shape. Fig. 245 shows these six 
classes. The name of each is given on one side, and a de- 
scription of it on the other. 

Fig. 245. 



DouBLB Convex Lsnb. 



Plano-oonvxx Lsns. 



MsNiscirs. 



D017BLK CONOAVB LeNS. 



Plano-conoavb Lbns. 



Concavo-convex Lens. 





Soth Bides convex. 



One side convex, the other plane. 

( One side convex, the other concave. 
] Thickest in the middle. 



Both sides concave. 



One side concave, the other plane. 

One side concavo, the other convex. 
Of uniform thickness, or thickest at the 
ends. 



a prism on a ray of light? Show this efTeot with Fig. 244 646. What is a lens? 
What is the general effect of lenses ? Of what are they made ? 647. Into how many 
classes are lenses divided? Name them. Describe the Double Convex Lens. The 
Plano-convex. The Meniscus. The Double Concave Lens. The Plano-concave. 
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g. Tfcer gmbte » to jige ot jp rt s rtieh are ■l ia i r to ihm | 

naked en <m a cc ount of then fefwe. ». T =*- 

objects seen ihrcN^li tlian. 

649. A donUe marrx kas «f E^^ vilh ada e 
eoDrex, brings paialkj rn^ pa^i^ tlvcmgli k to a fiicaB ift 
Uk centre of the ffker^ of -vUfk the Rir&« of tka I^m 
first ftrmck by the rars Jonns k ]art. Ilu? is Aown m F^, 
246. Canrerving nv? votdd be broi^l 10 a fbcvs be- 
tween the ooitre and the lens ; divergisg raTs, oo the ntliiB 
side of the eentre. 
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A plano-convex lens brings parallel raya to a focns at a 
distance from the lena about equal to the diameter of the 
sphere of which the convex siirfece of the lena forms a part. 
This is shown in Fig. 247. 

650. CoQvei leDsas calleot hent ns well aa light at (heir foctiB. Hence 
Ihey are sometiniea called Burning Gliisaea. Hold an old person's eje-glusa 
in the Bua-sbine a short distance from jour hand. A bright spot of light 
marks the focas, and the bettt at that point aooD becomes loo great to he 
borne. All the rafs (hat fall on the auriace of the lens being oanccntrat«d 
In this one point, t^ heal ai tfujocus is a* many titaes greater titark ike heai 
of onUitttry tun-ligii as t/te area of ike lent is greater than the area ofthsfo- 
ctu. Ifthcar«aof the lens be 100 sqaare inches, and that of the focus '/, of 
an inch, the ordinaiy heat of the sun will be increased 100 times. 

^65 1. The second effect of convex Icnsea follows from the 
first. Light, it will be remembered, diminishea in intensity 
according to the square of the distance from the luminoua 
body ; hence rays from exceedingly remote stars become 
so faint by the time they reach the eye as not to produce 
the sensation of vision. A convex glass concentrates a great 
number of these feint rays, and thus renders the distant 
object visible to an eye placed at its fooua. 

652. The third effect of convex lenses is to magnify ob- 
jects seen through them. Hence they are sometimes called 
Magnifying Glasses. The glasses used by old persons, as 
well as by engravers and others who have to deal with mi- 
nute objects, are convex lenses, 

658. Refraction by Concave Iienaes. — The effects of 
concave lenses are opposite to those of convex. 1. They 
make rays passing through them iochne farther i'rora each 
other. 2. They diminish objects seen through them. 

65*. All the above latrg relating to priama and lenses applj lo rays pass- 
ing into them from a rarer medium, such aa air. If they come from a denser 
medium, the results will be reversed,— couvei lenses will have a divergiug 
and diminishing elTect, while coQCSve lenses will hare a convergiDg and 
magnifying eScct. 



■a plane-. 



focna comparo witti that of onliinrjr inD- 
» na to sen distant heaTcuilf bodlu (bat i 
ha IMrd s3ect of oenrsi lausi T Wlut ■ 





IttW lis convex snrfoce ground into several flat sar&ces, an 
v^t jtv( seen throu^ it will be muftij^eil as many times as 
thcrv art" flat sur&ces. 




t b I and D F, Uliog oUiqnrlT, soSs 
1, vhkli bring llwm also lo tbe eje'at 
I)ie luciu. At objecia are ilirays seta io Ibe dinetioa 
in whicb Ihc[r nvi enter the e;e, three obytaa lite D 
•rill b« visible: one Bt D. in its real portion; tliB 
mbert, in Ibe direction of the dolled line$, al Q and U. 

nm BrLTiPtiui, ®^^- DocBLE Refractiox. — Certain 

fiLASB. suhfttanciiB (chiefly minerals') have the prop- 

erty of causing rays wfueh pass through thom to ts^e two 
distinct paihit, and thus produce two images. This phe- 
nomenon K cnlk-d Double Refraction. 



Fl«. ■ii9. 




A crj-stol of cartxHuUe of linte, 
commonly callcrd Icdand Spar, is 
one uf the best ai 
bibiting double re&BcIioD. Let it be 
placfd over a piece of paper con- 
taining lines, and each line vrill be 
seen double, nsabown in Fig. 34!<. 
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edledlncanMqDcnceF SSS. What are tbe general elTects of concave lenses ( SM. In 
wliJitciiMdnthoibiivolnii'irektIngloprlauu and leiues apjilyf aupposo the rflj« 
puMlpls thomrroni a denser medLutn, what •rillbstfaD!¥BUllt 655, Wlateffoethaa 
■ reftscllngmedluni with puallelsnrfiices on Incident HTST How do wo see obJecIa 
IhroRgli a [uum of ^vlnduw-gluM f BS&. How la tbs molClplTliig gloss formed t How 
man/ Uniei li an Dltfeet aeon Itirongb It mnltlpUad! Bbow Uits with Fig. 349. 
VI. What Is Doable BefMetlon t Qowlalt eihiblled wltb Iceland spar* What phe- 



POLARIZATION OF LIGHT. 253 

ing. During each revolution of the erjBtal, the linos will ooinoide twice. 
A BiDglo pencil of rajs is thus r«fraeled into two diBtinet penoils, onu of 
which, following tho usual law of refraction, is callud the Ordinary Pencil, 
while the other, deviating from that law, is enlled tlie Extraordinary Pencil. 

Polarization of lAgbt. 

858. Light is said to T)c polarized, wlien, on being re- 
flected or refracted by a surface or medium, whioh it strikes 
at a certain angle, its capacity for reflection or refraction 
a second time depends on the position of the new surface 
or medium on which it atiikes. 

Let A and B (Fig, 250) be two tnbtsopon at both Fig. 250. 

ends, and so adjusted to oach otlier that B turns stiff- , 

ly within A. In eaoh tube fls a piece of polished ^, * n N/j 
gloss, M, N, roughened and blackened on the back, f j»r-— f^jHL--^*^ 
so oa to form an angle of 33 degrees with the axis of ^ 
the tubes. Bring Ilii.- instrument into suchaposition 
that a raj from a luminous body, falling on M, may be reflected along the 
axis and strike N. Now, keeping the tube A etaOonaiy, turn within it the 
tube B, carrying the reflector N. The reflection from N will ba seen to keep 
varying In intensity. In the two poeitions in whieli the reflection from H 
JB in the same plane as that traversed by tho ray before and alter its first 
reflection, the ray is rsfleetod moBt brightly; at tho positione midway 
between these, one of which is shown in Pig. 250, there ia no reflection at 
all. Woospress this by saying that the light reflected from MiB^^orwai. 

859. The polarizing angle, — that is, the angle which the 
incident ray must make with a perpendioular to the first 
reflecting surface, in order to be polarized, — is different in 
the case of different substances. For glass, it is about 57°. 

800. If a polarized ray be received on a crystal of Ice- 
land spar, there will be but a single refraction. 

661. Light is poiaciicd by reflection at a certain angle, as we hove jost 
seen ; by transmisaiau tbrongh substances tbat have the property uf doubis 
refraction, — through BOmfl imperfectly crystallized aubstauccB, such as agate, 
mother-of-pearl, 4c.,— and also through a sufficient number of uncrystailiied 
plates. However produced, polajiied light always baa the Bamo properties. 
Its pheoooieaa are strikitig, and secDi to prove the truth of the undnlatory 
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The first three of the above lenses, which are thickest in the middle, arc 
called Convex Lenses, and their effect is to make rays passing through them 
incline more towards each other. The next two (the double concave and 
plano-concave) which are thinnest in the middle, are called Concave Lenses, 
and their effect is to make rays passing through them incline farther from 
each other. 

The concavo-convex lens, when its two surfaces are parallel (as in the 
above Figure) does not change the direction of rays passing through it, for 
the convergent effect of the convex surface is nullified by the divergent effect 
of the concave surface. When the convex surface has a greater curvature 
than the concave, this lens becomes a meniscus. When the concave surface 
has the greater curvature, it becomes a concave lens, and participates in the 
properties of that class. 

648. Refraction by Convex Lenses. — The general effect 
of convex lenses is tlu*eefold: — 1. They make rays passing 
through them incline more towards each other than before. 
2. They enable us to see objects which are invisible to the 
naked eye on account of their distance. 3. They magnify 
objects seen through them. 

649. A double convex lens of glass, with sides equally 
convex, brings parallel rays passing through it to a focus at 
the centre of the sphere, of which the surface of the lens 
first struck by the rays forms a part. This is shown in Fig. 
246. Converging rays would be brought to a focus be- 
tween the centre and the lens ; diverging rays, on the other 
side of the centre. 

Fig. 24«. Fig. 247. 





The Concavo-convex. What are the first three of these lenses called ? What is their 
eflFoct ? What are the double concaye and the plano-concave lens called ? What is 
their effect? What is the effect of the concavo-convex lens, when its two surfaces are 
parallel? When the convex surface has a greater curvature than the concave? 
When the concave surface has a greater curvature than the convex ? 648. What is 
the general effect of convex lenses ? 649. What is the effect of a double convex glass 
lens on parallel rays passing through It ? On converging rays ? On diverging rays? 



i 



RKFRACTIOM RY I^MSES. : 

A pIan<M!onTex lens brings parallel rays to a focna at a i 
distanco from the lens about fiqnal to tlie diameter of the 
sphere of which the convex surface of the Icna forms a part. 
This ia shown in Fig. 247. 

61)0. CoDTBi: lenses collect heat as well aa light at their tocas. Heoce 
thej ore Bometimea called Bamiiig GloBses, Hold aa old persoa'a ef e-gUiaa 
in the Bua-Bhino a short dietaDca from jour hand. A bright apot ot light 
marka the focuK. and the beat at that point wiou becomea loo jjreat tu be , 
bonio. All the raya that bll on the fluifaee of the lens being ooDoentnited J 
In this one point, Ifn hsai at thtfoeae ia aa tnaiiy Hmea greater than the heat 1 
a/ ordittaiy ma-Ught aa the area of the len» ia greats- thaathi area qftheja- 
ciu. If the area of tbe lena be 100 square inches, and that of the focua Y< o' ■ 

^51. The second effect of convenienses follows from the 
first. Light, it will be remembered, diminishoa in intensity 
according to the square of the distance from the luminoos 
body ; hence rays from exceedingly remote stars become 
so faint by the time they roach the eye as not to produce 
the sensation of vision. A convex glass concentrates a great 
number of these faint rays, and thus renders the distant 
object visible to an eye placed at its focus. 

652. The third effect of convex lenses is to magnify ob- 
jects seen throngh them. Hence they are sometimes called 
Magnifying Glasses. The glasses used by old persons, as 
well as by engravers and others who have to deal with mi- 
nute objects, are convex lenses. 

653. JUfradion by Concave Lenses. — The effects of 
concave lenses are opposite to those of convex. 1, They 
make rays passing through them inchne farther from each 
other. 2. They diminish objects seen through them. 

6G4. All the uboTo lawa relating tapriama and lenses appl; to raja pagg- 
ing into them from a rarer medium, auch as air. If they Eomo from a. denser 
medium, the results will be reveraed, — convex lensea will have a diverging 
and diminishing effect, while ooncave lenses will have a converging and 
magnlfjtng effect. 
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The first three of the above lenses, which are thickest in the middle, aro 
called Convex Lenses, and their effect is to make rajs passing through ih&n 
incline more towards each other. The next two (the double concave and 
plano-coucaro) which are thinnest in the middle, are called Concave Lenses, 
and their effect is to make rajs passing through them incline farther from 
each other. 

The concavo-convex lens, when its two surfaces are parallel (as in the 
above Figure) does not change the direction of rajs passing through it, for 
the convergent effect of the convex surface is nullified bj the divergent effect 
of the concave surface. When the convex surface has a greater curvature 
than the concave, this lens becomes a meniscus. When the concave surface 
has the greater curvature, it becomes a concave lens, and participates in the 
properties of that class. 

648. Refraction by Convex Lenses, — The general effect 
of convex lenses is threefold: — 1. They make rays passyig 
through thera incline more towards each other than before. 
2. They enable us to see objects which are invisible to the 
naked eye on account of their distance. 3. They magnify 
objects seen through them. 

649. A double convex lens of glass, with sides equally 
convex, brings parallel rays passing through it to a focus at 
the centre of the sphere, of which the surface of the lens 
first struck by the rays forms a part. This is shown in Fig. 
246. Converging rays would be brought to a focus be- 
tween the centre and the lens ; diverging rays, on the other 
side of the centre. 

Fig. 246. Fig. 247. 





The Concavo-convex. What are the first three of these lenses called ? What is their 
effect? What are the double concave and the plano-concave lens called? What is 
their eflFect? What is the effect of the concavo-convex lens, when its two snrfaces are 
parallel? When the convex surface has a greater curvature than the concave? 
When the concave surface has a greater curvature than the convex ? 648. What is 
the general effect of convex lenses ? 649. What is the effect of a doable convex glass 
lens on parallel rajs passing through it ? On converging rays ? On diverging rays? 
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A plaao-oonvex lens brings parallel rays to a focus at a 
distance from the lens about equsil to the diameter of the 
sphere of which the convex surface of the lena forms a part. 
This is shown in Fig. 247. 

850. Convei Unaas colloct heut as well ns light nt thoir fiicua. Henoo 
they ore sometimts called Buraing GlasaeB. Hold an old person's eyo-glaaa i 
1q the sun-sbiDe a abort distance from your band. Abright spot of ]i|;ht 
mai^ Ibe Tocus, and tho boat at that point Bonn becomes tao gFeiit to ho 
bonie. All the rays that tall on the surTaca of tho lona being ooncentmted 
in thU one point, the htaC at tkefooue u aa mang limtg ffnaler than ths hsat 
ef ordinary mn-Ughttu iht area qfOie Una it grtiUer than, the arta of the fo- 
eui. If the area of the lens ho 100 siinaro inchos, and that of the focus i/i <^ 
on inch, Ihc ordinal^ beat of tbe sua wiU be inoreaaed U 

^51. The second effect of convex lenses follows from the ' 
first. Light, it will be remembered, diminishes in intensity 
according to the square of the distance from the luminous 
body; hence rays from exceedingly remote stars become 
so faint by the time they reach the eye as not to prodnt 
the sensation of vision. A convex glass concentrates a great i 
number of these fiunt rays, and thus renders tho distimt | 
object visible to an eye placed at ita focns, 

662. The third effect of convex lenses is to magnify ol>- J 
jects seen through tbem. Hence they are sometimes called I 
Magnifying Glasses. The glasses used by old persons, aa 1 
well as by engravers and others who have to deiil with r 
nute objects, are convex lenses. 

653. Se/raetion by Concave Zesisea, — Tlio effects of ^ 
concave lenses are opposite to those of convex, 1. Thoy i 
make raya p.isMng through them incline farther from each | 
other. 2. They diminish objects seen through them. 

654. All tbe above lana rolutiog to prisms and lenaos apply tn rays pus- J 
ing into them frora a rarer medinm, bucEi aa air. If Ihey eome from n denaor 1 
medium, tho reaulls will be reversed, — convei lenses will have u diverging ( 
and diminishing effsct, while cuucare lensca will have a conrerging ai 
magnifying effect. 

WIi>tI(tha(iiroct<it&pluo-i»aviyx lens on pamlU'I njet EM. Wbiit are gonv 
BoiT do« the liest at the fiicnii <»)i 
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655. GlcMea wUhParaUd Surfaces. — ^When rajs pass through a refractiDg 
medium having parallel surfaces, thej leave it, not exactly iu the same line, 
but in a direction parallel to that in whidh they entered it. The last refrac- 
tion nullifies the change of direction produced by the first. Hence we see 
objects through a pane of window-glass very nearly in their real position. Ir^ 
regularities in the glass cause objects seen through it to look distorted. 

C56. The Multiplying Glass, — ^If a plano-convex lens 
have its convex surface ground into several flat surfaces, an 
object seen through it will be multiplied as many times as 
there are flat surfaces. 

Fig. 248. 1° Fig. 248, A B represents a multiplying glass, and 

D an object viewed through it. The ray D C, striking 
both surfaces perpendicularly, reaches the eye without 
refraction ; but D I and D F, falling obliquely, suffer 
two refractions, which bring them also to the eye *at 
the focus. As objects are always seen in the direction 
in which their rays enter the eye, three objects like D 
will be visible : one at D, in its real position ; tho 
others, in the direction of the dotted lines, at G and U. 

657. Double Refraction. — Certain 
substances (chiefly minerals) have the prop- 
erty of causing rays which pass through them to taj^e two 
distinct paths, and thus produce two images. This phe- 
nomenon is called Double Refraction. 

Fig. 249. A crystal of carbonate of lime, 

commonly called Iceland Spar, is 
one of the best substances for ex- 
hibiting double refraction. Let it be 
placed over a piece of paper con- 
taining lines, and each line will be 
seen double, as shown in Fig. 249. 

Keeping the same side on the 
paper, and turning the crystal round 
on its axis, we find that the double 
lines continue parallel, but that the 
distance between them varies, — diminishing till they coincide, then increas- 
ing ; then diminishing till they coincide again, and then once more increas- 

called in consequence ? 653. What are the general effects of concave lenses f 654. In 
what case do the above laws relating to prisms and lenses apply ? Suppose the rays 
pass into them from a denser mediam, what will be the result ? 655. What effect hai 
a refracting medium with parallel surfaces on incident rays ? How do we see objects 
through a pane of window-glass ? 656. How is the multiplying glass formed ? How 
many times is an object seen through it multiplied? Show this with Fig. 248. 
657. What is Doable Bofraction ? How Is it exhibited with Iceland spar ? What phe- 
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ing. During eaicli revolution of the crystal, the lines wiU ooincido twice. 
A single pencil of rays is thus refracted into two distinct pencils, one of 
which, following the usual law of refraction, is called the Ordinary Pencil, 
while the other, deviating from that law, is called the Extraordinary Pencil. 

Polartzation of MAgHtm 

658. Light is said to be polarized^ when, on being re- 
flected or refracted by a surface or medium, which it strikes 
at a certain angle, its capacity for reflection or refraction 
a second time depends on the position of the new surface 
or medium on which it strikes. 

Let A and B (Fig. 250) be two tubes open at both Fig. 250. 

ends, and so adjusted to each other that B turns stiff- 
ly within A. In each tube fix a piece of polished jj.^ A^ b '^'U 
glass, M, N, roughened and blackened on the back, ^^^'-^^^F^^^^^^^^*^ 
so as to form an angle of 33 degrees with the axis of '*' 
the tubes. Bring the instrument into such a position 

that a ray from a luminous body, falling on M, may be reflected along the 
axis and strike N. Now, keeping the tube A stationary, turn within it the 
tube B, carrying the reflector N. The reflection from N will be seen to keep 
varying in intensity. In the two positions in which the reflection from N 
is in the same plane as that traversed by the ray before and after its first 
reflection, the ray is reflected most brightly; at the positions midway 
between these, one of which is shown in Fig. 250, there is no reflection at 
all. We express this by saying that the light reflected from M \^ polarized, 

659. The polaiizing angle, — ^that is, the angle which the 
incident ray must make with a perpendicular to the first 
reflecting surface, in order to be polarized, — is different in 
the case of different substances. For glass, it is about 5V°. 

660. If a polarized ray be received on a crystal of Ice- 
land spar, there will be but a single refraction. 

661. Light is polarized by reflection at a certain angle, as we have just 
seen ; by transmission through substances that have the property of double 
refraction, — ^through some imperfectly crystallized substances, such as agate, 
mother-of-pearl, Jkc, — and also through a sufficient number of uncrystallized 
plates. However produced, polarized light always has the same properties. 
Its phenomena are striking, and seem to prove the truth of the undulatory 

nomena are presented as the crystal is tnrned around ? What are the two pencils 
presented to the eye called? 653. When is light said to be polarized ? Illustrate the 
polarization of light -with Fig. 250. 659. What is meant by the polarizing angle P 
What is this angle in the case of glass ? 660. If a polarized ray is received on a crys- 
tal of Iceland spar, what follows? 661. Mention the different ways in which light is 
polarized. What la said of tho properties and phenomena of polarized light, how* 
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Fig. 248. 



655. OlcMes wUhParaUd Surfaeea. — When rajs pass through a refractiDg 
medium having parallel surfaces, they leave it, not exactly in the same lino, 
but in a direction parallel to that in wbidh they entered it. The lust refrac- 
tion nullifies the change of direction produced by the first. Hence we see 
objects through a pane of window-glass very nearly in their real position. Ir^ 
regularities in the glass cause objects seen through it to look distorted. 

C56. Tlie Multiplying Glass, — ^If a plano-convex lens 
have its convex surface ground into several flat surfaces, an 
object seen through it will be multiplied as many times as 
there are flat surfaces. 

In Fig. 248, A B represents a multiplying glass, and 
D an object viewed through it. The ray D C, striking 
both surfaces perpendicularly, reaches the eye without 
refraction ; but D I and D F, falling obliquely, suffer 
two refractions, which bring them also to the eye *at 
the focus. As objects are always seen in the direction 
in which their rays enter the eye, three objects like D 
will be visible : one at D, in its real position ; tho 
others, in the direction of the dotted lines, at G and U. 

657. Double Refraction. — Certain 
substances (chiefly minerals) have the prop- 
erty of causing rays which pass through them to taj^e two 
distinct paths, and thus produce two images. This phe- 
nomenon is called Double Refraction. 

Fig. 249. 
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A crystal of carbonate of lime, 
commonly called Iceland Spar, is 
one of the best substances for ex- 
hibiting double refraction. Let it be 
placed over a piece of paper con- 
taining lines, and each line will be 
seen double, as shown in Fig. 249. 

Keeping the same side on the 
paper, and turning the crystal round 
on its axis, we find that the double 
lines continue parallel, but that the 
distance between them varies,— diminishing till they coincide, then increas- 
ing ; then diminishing till they coincide again, and then once more incrcas- 

called in consequence ? 653. What are tho general effects of concave lenses f 654. In 
what case do tho above laws relating to prisms and lenses apply ? Suppose the rays 
pass into them fh)m a denser medium, what will bo the result ? 655. What effect has 
a refhkcting medium with parallel surfaces on incident rays ? How do we see objects 
through a pane of window-glass ? 656. How is the multiplying glass formed ? How 
many times is an object seen through it multiplied? Show this with Fig. 248. 
657. What is Double BofVaction ? How Is it exhibited with Iceland spar ? What phe- 
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POLARIZATION OF LIGHT. 

tag. During eaot revolutinn of tho orysUl, iba linos wiU ooinoido twieo. | 
A HiDglfl poDoil of reya is tlins reftaotsd into two distinot peiKnla, one 
whioh, I'oHowiog thii usual law ol' refraction, ia cullod Ihe Ordinnry Pen 
while tteotlier,dBviBtingfrumtimt law, ia called lliBExtraordinBryPenuil^ I 
Polarization of Ught. 

658. Light is said to be polarized, wlien, on Toeing re- 
flected or refracted by a surface or medium, whieli it strikes i 
at a certain angle, its capacity for reflection or refraction 
a second time depends on the position of the new sui-face \ 
or mediom on wiiich it strikes. 

Let A uid B (Fig. S5U) bo two tubes open at both 
endfi, and bo adjualed to oaoh other tliut B turns aCiff- 
I7 wittiin A. Id each tubs fix a jaeae of pulisbed 
gliias, M, N, rouglioned and blui'lfonod on the ~ 
BO aa to form oa angio of S3 degrcca with the 1 
thu tubes. Bring tlio inatrumuDt into aucii a position 
that a ray from b luminoua body, foiling on M, aisy be reflected along 
ftiis and strike N. Now, kooping the tube A stationjitj, turn within it the I 
tuboB,oan7ing thoreflectorN. ThereflectionfromNwiilbo aocnto keep f 
YBijing in inMQflity. In the two poaitiona in whioli tbo reflMtion from N 1 
is in the Bflins plane as that traveraed by the ray before and after Ita first 1 
reflBotion, the ray is reflected moat liriglilly; at tho positions midway T 
faotweeu those, oae of whioh is shown in Fig, 350, there in 
all. We eipresfl thia by saying that tho light roflaoted from M ia j?oJi»*&i. j 

669. The polarizing angle, — tbat is, the angle which the I 
incident ray must make with a perpendicular to the first I 
reflecting surface, in order to be polarized, — is different in 
the case of different substancee. For glass, it is about 57°. 

60O. If a polarized ray be received on a crystal of Ice- I 
land spar, there will he but a single refraction. 

6&]. Light la polarised by reflpetioa at a eertain angle, ai 
seen ; by Iransmiaaion through aubstnncea that hare tho property of doubia * 
refraclioB.-^hroagh aome imporfeclly cryatikJlixed substaaces, such ai 
mothor-of-pearl, Ac, — and alao through a aufficient number of uncryatallized 
plates. HowoTer produced, poloriied light always has the aatne properties. 
Its phenomena sro alrilting, and seem to proro Iho truth of the undulatory 
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ttaootr- It ia Ihonght tb*t the ondulaliona of ether ordinafily take place ia 
ploaes perpeadiculu' to the direclion in which thej are propagated; bat 
that, whcQ light ia polarimd, thej take place in planea pnriUl^l to this direc- 
tion. At certain angles, the undulstions, thus changed from their usual di- 
rection, are reproduced or transmitted bj the second reflecting or refracting 
■urfaeo, and reach the eye; but, at so angle of 90 degrees, they are 

662. The mineral called Tourmaline [toor'-ma-leenl pos- 
eceseB the property of polarizing light in a high degree. It 
is cut into plates one-twentieth of an inch thick, which are 
fixed between plates of glass for convenience of use. If we 
look at the sun through such a plate, we shall find that most 
of the light is transmitted. Place a second plate behind 
the first, with its asia in the same direction, and the light 
will still be transmitted ; but turn the second plate quarter- 
way round, and no light will pass through. 

66S. Some crjstala viewed bj polarized light, exhibit sjstema of beantiM 

rings, Kke those shown in Fig. 251. Plates of the mineral called Selenito, 

Fig. asL 





bearing different designs, placed so aa to be seen bf polarized light, display 
the most gorgeoaa coloring, and may he made to undergo remarkable and 
beautiful changes by causing one of the reflecting surfaces to reTotre. 

Chromatics. 

664. Chromatics is that branch of Optica which treats 
of colors. 

everlttoprodncedf Eiplatn thopnUriiatlon of light accordtnpf to the anilnlatory 
theory. MS. What mineral posKsses the property of polarlilug light In i high da- 
gres ! How Is toonnallne prepared t What eiperiment may be performeil with lour- 
niBllne pistes T SS3. What phtnomena are eeen when eeruln oryttals are viewed 
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665. The Solar Spectrum. — ^If a ray from the sun be 
admitted into a dark room through a small aperture, it will 
form a circular spot of white light on the surfiice receiving 
it. But i^ after entering the room, it be received on a 
prism, as shown in Fig. 252, it will be decomposed into 

Fig. 252. 
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seven different colors. When made to fall on a white sur- 
face, these seven colors are distinctly seen, covering an 
oblong space, which is called the Solar Spectrum (plural, 
spectra). They are known as the Primary Colors, and in 
every spectrum they are arranged in the order shown in 
the Figure. By combining the primary colors in different 
proportions, other colors are produced. 

The seven colors, it will be observed, do not • occupy 
equal spaces of the spectrum. Violet covers the greatest 
part, more than one-fifth of the whole ; and orange the 
least, less than one-thirteenth of the whole. 

666. Ordinary sun-light (and all white light) is therefore composed of 
Bevcn colors combined in different proportions. In further proof of this, wc 
may re-unite the seven primary colors of the spectrum, and we shall have 
simply a small circular spot of white light. To re-unite the colors, we may 
receive the spectrum on a concave mirror or double convex lens, which brings 
together at its focus the parts of the decomposed ray. Or, we may receive 
the spectrum on another pn'sm placed in contact with the first, as shown 
in Fig. 252. In either case, we have the same circular- spot of white light 
that would have been formed if the ray had not been decomposed at all. 



6y polarized light? When plates of selcnite are viewed by x>olaTlzcd light? 
661. What is Chromatics ? 665. Describe the solar spectrum, and the way in which 
It is formed. Name the seven primary colors in order. How are the other col- 
ors produced? Which color occupies most of the spectrum, and which the least? 
666. Of what, then, is all white light composed? What farther proof have we 
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We may prodace white light bj combining the seven primary colors in 
another way. Divide the surface of a circular card into seven parts propor- 
tioned to each other as the spaces which the different colors occupy in the 
spectnim, and paint them the corresponding shades. Then cause the card 
to revolve rapidly. No separate color will be visible, but the whole card 
will look white. 

667. A prism decomposes white light into its seven component parts, be- 
cause those parts are refitusted differently, some more and some less. It will 
be observed that red, which occupies the lowest part of the spectrum, is 
turned from its course the least ; orange, a little more ; yellow, still more ; 
then green ; then blue ; then indigo ; while violet, which is at the top of the 
spectrum, is refracted the most. The colors, therefore, have different de- 
grees of refirangibility. This fact was discovered by Sir Isaac Newton. 

668. DiFFKEENCB OP CoLOR, EXPLAINED. — According 
to the Undulatory Theory, the color of light depends on 
the size of the minute waves that produce it. The undula- 
tions that excite in the eye the sensation of red light are 
each a-g-J^o ^^ *^ ^^^^ ^^ breadth ; those that produce vio^ 
let, j-^izz 5 while the intermediate colors are produced by 
undulations varying between these limits. 

669. Color is not a property inherent in bodies, but in 
the light that they reflect. A non-luminous body seems to 
be whatever color it reflects to the eye. 

An object lying in green light, looks green ; in red light, red, &c. This 
is because green or red is the only light that falls upon it, and therefore it 
can reflect no other to the eye. A body seen by ordinary light looks green, 
when it absorbs all or most of the other colors of the spectrum, and reflects 
or transmits green alone. It looks red when it absorbs the other colors, and 
reflects or transmits red, &c. It looks white, when it does not decompose the 
light that falls on it, but reflects all the colors combined. It looks black, 
when it absorbs nearly all the light that falls on it, and does not reflect any 
particular color in preference to the rest. 

670. What colors a substance absorbs and what it reflects, depends chiefly 
on its structure. The particles of some bodies are so arranged as to have 
a peculiar affinity for certain colors ; these they absorb, reflecting the rest. 



of this ? How may we rc-nnile the seven primary colore ? What other mode Is 
there of doinj? this ? 667. To what is it owing that a prism decomposes white light 
Into its seven component parts P By whom was this fact discovered ? 668. Ac- 
cording to the Undulatory Theory, on what does the color of light depend ? What 
is the difference in the undulations that respectively prodace red and violet light? 
669. In what is the pro|>erty of color inherent? Why does an object lying in green 
light look green ? When does an object seen by ordinary light look green ? When 
does it look white? When, black? 670. What is it that determines what colors a 
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Changes of color are caused by changea oF Btructuro. We may ahow 
by an eKperimeut with a aiibstance culled iodide of mercury. This min 
ia a bright «carlet; when iieatud and allowed lo cool uudisturbed, it 
comes yellow; but, the moment tbe anrface ia Bcnitcliod, the partieles re- J 
Biraoge themselres, and the color turua back to acarlet. llore tbe si 
particlt» undurgu a marked change uf color by simply being made to aiisi 
a different arrangement. 

671. CoMPLEMENTAKY CoLORB, — Any two colors are | 
SMd to be Complementary, when, if eomliined in due pro- j 
portion, they will produce white. Those colors are com- 
plementary to each other which are distant half the length ' 
of the spectrum ; as, Red and green, 

Yellow and violet. 
Orange and blue. 

It is s curiona fact that if we look intently at > bright object of any giTea \ 
color and then cloao our oyea, we shall Mlill see it, but tinged with the c 
plemontary color. Afler gazing a few momCDtn at a bright firo. erocything j 
WQ look at aeema to have a greonish huo. If wa pliuse a rvd wafer on a p~ 
of white paper and look nl it intenllj-, we ahull soon see a circle of light green 
playing nrannd it. A blue wafer will have a similar circle of orange, and a 
yellow wafer one of a violet lingo. 

672. A color appears to the heat advantage, when placed 
beside its complementary color. 

Thus red is set off by green ; blue, by orange, Ac. A pole face appears 
paler still wheu a black dreaa is woru. On white paper, black ink is plainer 
and pleaaanter to tbe eye tfaan ink of any other color. In arranging bou- 
quets, and selecting different articles of dress that are to be worn togefber, 
tbe effect of each indiriduul color is heiijhtened by bringing it in immediivta 
contrast with its complementary color. 

673. Pbopekties op the Spectrum. — Every ray of or- 
dinary 8un-light appears to have three distinct properties : 
— 1. Brightness. 2. Heat. 3. Power of producing chem- 
ical effects. This last property is called Actinism. 

674. The chemical effects of sun-light are shown in various ways. Pboft- 
pborua aud nitrat« of silver undergo » marked change when exposed to the 
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solar rays. Daguerreotypes and photographs are taken by means of the 
action of light on sensitive chemical preparations. Almost all the colored 
vegetable juices, when exposed to sun-light, undergo a change of hue. Hy- 
drogen and chlorine, which may be mixed without danger in the dark, com- 
bine with a loud explosion in the light. Light, also, is essential to the 
chemical changes which result in the healthy growth of plants. Hence 
plants kept in a dark room become pale and sickly. A similar effect is 
produced on persons kept away from the light of the sun. 

676. Ordinary sun-light combines these three properties, 
but the seven colors into which it is decomposed do not 
possess them alike. Brightness belongs particularly to 
yellow ; heat, to red ; actinism, to violet and indigo. 

An object that is bright yellow makes a more vivid impression on the 
eye than one of any other color. Hence soldiers dressed in yellow are more 
distinct objects of aim to an enemy than those dressed in dark green or gray. 

The red portion of the spectrum has the most heat. This is shown by 
placing the bulb of a thermometer successively in each of the colors of the 
spectrum. It will be most affected by the red, but will show a still higher 
temperature, if brought a short distance below the red end of the spectrum, 
where no light falls at all. This shows that the heat of a solar ray is re- 
fracted as well as its light, but in a less degree. 

Actinism is strongest in violet and indigo rays. If a seed bo placed un- 
der a dark-blue glass, so that all the light that strikes it will be tinged with 
that color, it will germinate in one- fourth of the time that it usually takes. 
Placed under a red glass, it will hardly germinate at all, because red, al- 
though it contains more heat than the other colors, has little or no actinism. 

676. Lines in thb Spectrum. — If solar light be ana- 
lyzed with an instrument called the Spectroscope, a great 
number of dark lines, parallel to each other but differing 
in breadth, will be seen crossing its surface. 

The position of these lines is always the same in the solar spectrum ; 
but, when a ray of star-light is decomposed, their number and arrange- 
ment are different, nor do they correspond in the case of different stars. 

The spectra of certain burning metals— iron, magnesium, sodium, zinc, 
copper, calcium, etc.— contain bright lines exactly corresponding to some 
of the dark lines in the spectra of the sun and stars. Now it is known that 



effects of aon-light. 675. Do the seven primary colors possess these three properties 
In equal degrees ? To which does brightness particularly belong ? To which, heat ? 
To which, actinism ? What follows from the peculiar brightness of yellow ? How 
Is it proved that the red portion of the spectrum has the most heat? How does the 
refiractton of solar heat compare with that of sohir light ? Prove this. ITow is it 
shown that actinism is strongest in the blue rays? 676. Describe the dark lines 
fa th^spectmm. What is said of the lines in the spectra of stars ? Whence is it 
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mctalUc vapors Bbsorb tlie ib;s irhich Ibej 0\rm»e\yen emit ; henoo it ia 
inibrred that llie HtmonpliorBB of tha son and otnfB cmntiiin tlio vapors of 
the metnlj in questiac, and that thcsu mctsla an therefors inotrndeKcent 
□n the siuiace of those henvsnif bodiea. 

677. BisPEBfiioN OF Light. — By t]i6 Dispersion of light 
IB meant the formation of a spectrum fi-om a single ray. 
Spectra formed by diffurent refractive media are of differ- 
ent lengths. Tims flint-glass forme a spectrum about twice 
as long as crown-gl.tss forms, and four times as long as wa- 
ter. FlLnt-glasa is therefore said to Lave twice the disper- 
dve power of crown-glass, and four times that of water, 

678. AcHKOMATic Lsxsfs. — Lenscs, like prisms, refract 
light, and produce spectra. Rays passing through a con- 
vex lens, therefore, instead of oomiiig to a focus at a single 
point, are more or less dispersed, and form colored fringes 
about the focus. This defect is caUcd Chromatic Aberra- 
tion. It was long a serious drawback in tho use of optical 
instruments ; but the difficulty ia now remedied by com- 
bining two lenses of such different materials that the dis- ' 
persive power of the one may nullify that of the other. 
Lenses combined on this principle are called Achroraatio 



^ called because thcj ia i 



^chromalie means calarless, and the lenses a 
aot fringe their imagGs with the colors of the i 

nullifying its convergiag efibct. 

679. TiiB Rainbow. — ^The Rainbow is an arch composed I 
of tho seven primary colors, which is visible in llie sky I 
when the sun shines during a shower. It appears in the 
opposite quarter to the sun, — in the west in the morning, 
and the east in the afternoon. 

When the sun is in the horizon, the nLinhow is a circle ; bat tho Iowet 
part of it Is inWrcepWd bj the earth's siirfaoe, and Ihercfore WB do not gen- 
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parent fluid which fills the greater part of the globe of the eye. This homop 
is CDclosed within the Retina, C G C, a delicate fibrous membrane resembling 
net-work, formed bj the expansion of the optic nerve, on which every image 
seen by the eye is formed. The Optic Nerve, O, passes through the back of 
the eye to the brain, and conveys to that organ the impressions made on the 
retina. 

The retina is surrounded by another coat called the Choroid, represented 
in the Figure by a dotted line. The choroid coat is lined on its inner surface 
with black coloring matter, to prevent any reflection of light from {he inte- 
rior of the eye. Outside of all is the Sclerotic Coat, B B B, a strong mem- 
brane, to which the muscles that move the eye are attached. It envelopes the 
whole ball except the portion in front covered by the cornea, which fits into 
it just as the crystal of a watch fits into the case. 

688. Uses of the Different Parts, — ^The outer coats of 
the eye protect the delicate parts within. The cornea re- 
flects some of the light that falls on it, and this gives the 
eye its brilliancy. It transmits the greater part, however, 
and unites mth the aqueous humor, the crystalline lens, and 
the vitreous Jiumor, in bringing the incident rkys to a focus 
and forming an image on the retina. 

The iris intuitively regulates the supply of fight admit- 
ted into the eye, contracting and thus enlarging the pupil 
in a faint light, expanding and thus diminishing it in a 
strong one. These changes are not instantly made. Hence, 
when we pass from a bright light into a room partially 
darkened, we can hardly discern anything till the pupil en- 
larges, so that more rays are admitted. When we go from 
a dark room into a bright light, the eye is pained, because 
the pupil, which had expanded to the utmost to accommo- 
date itself to the faint light, does not immediately contract, 
and more light is admitted than the sensitive membrane 
can endure. 

The pupils of cats, tigers, and animals generally that prowl at night for 
prey, are capable of being expanded to such a degree as to admit one hun- 
dred times as much light as when they are most contracted. They can there- 
fore see as well by night as by day. The owl's pupil is exceedingly large ; 
» — — ->. 

the retina snrrounded ? With what Is the choroid coat lined? What is outside ot 
all ? What are attached to the sclerotic coat ? OSS. What is the use of the outer 
coats of the eye ? Of the cornea ? Which parts unite with the cornea in bringing 
hicident rays to a focus ? What Is the use of the iris ? Give some familiar proofs that 
the iris accommodates itself to the intensity of the light What is said of the fupil 



DEFECTS OF VISION, 5 

In the dnj-tiniB, even when conlrBcted lo the uhnoat, it iiimita so miwh light 

689. Defkctts of Vision. — In a'perfect eye, the rays 
that enter are brought to a tbmis on the retina, and an im- 
age is there fonned. If the rays are not brought to a focus 
by the time they reach the retina, or come to a focus before 
reacliing it, no impreaaion is made on the optio nerve or 
communicated to the biaiu, and consequently no image , 

Hence arise two defects of vision. When the cornea is 
too convex, distant objects form images in front of the ret- 
ina, and are not seen ; only such objects as are very near 
the eye are visible; and hence persona with this defect of 
vision aro called near-aig/ded. When, on the contrary, the 
cornea is not convex enough, the rays are not brought to 
a focna by the time they reach the retina, and no image is 
Been. The eyes of old people generally labor under this 
defect, in consequence of the waste of a portion of the vit- 
reous and the aqueous humor, bo that the crystalline lena 
and the cornea fall in. This falling in is just what the near- 
fdghted person needs'; accordingly it is often found that 
those who are near-aighted in youth see perfectly well when 
they grow old. 

SBO. The tvru defects or vision mentioDeil above are remedied b; the uas 
oT apectucles, which cooeist of leases of diSbrent shapes placed in ri:aniei be- 
Ibre Ihe-eysB. A neai^siKliled person usea glaaaea just conoiTO enough (o 
nnllify the too groat convexity of bis eye. An old person uses gluBIOH witti 
sufficient oonveiLitj to inako up llic deflciency of hia oje iti that respect. 

BOl. Spuitaalea wore first uaed about the end of the thirteenth oeuluiy. 
It is flQpposed that the world ia indebted lo Boger Bocoq for their invention. 
Before that time all near-sighted and moat ngad peraona hud to remain in a 
state of comparative blindness. 

692. Though all other pnrla of the eye be perfect, if the oplio nerve does 
not perform its fnuolions, blindness ia UiB result. Images are fqrmed on the 
retina, bat there ia no commnoication with the brain, and no impression 
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pATCDt fluid which fills the greater part of the globe of the eye. This hninop 
is CDclosed within the Retina, C C C, a delicate fibrous membrane resembling 
net-woric, formed by the expansion of the optic nerve, on which every image 
seen by the eye is formed. The Optic Nerve, O, passes through the back ol 
the eye to the brain, and conveys to that organ the impressions made on the 
retina. 

The retina is surrounded by another coat called the Choroid, represented 
in the Figure by a dotted line. The choroid coat is lined on its inner surface 
with black coloring matter, to prevent any reflection of light from the inte- 
rior of the eye. Outside of all is the Sclerotic Goat, B B B, a strong mem- 
brane, to which the muscles that move the eye are attached. It envelopes the 
whole ball except the portion in front covered by the cornea, which fits into 
it just as the crystal of a watch fits into the case. 

688. Uses of the Different Parts, — ^The outer coats of 
the eye protect the delicate parts within. The cornea re- 
flects some of the light that falls on it, and this gives the 
eye its brilliancy. It transmits the greater part, however, 
and unites mth the aqueous humor, the crystalline lens, and 
the vitreous liumor, in bringing the incident rkys to a focus 
and formu^g an image on the retma. 

The iris intuitively regulates the supply of fight admit- 
ted into the eye, contracting and thus enlarging the pupil 
in a faint light, expanding and thus diminishing it in a 
strong one. These changes are not instantly made. Hence, 
when we pass from a bright light into a room partially 
darkened, we can hardly discern anything till the pupil en- 
larges, so that more rays are admitted. When we go from 
a dark room into a bright light, the eye is pained, because 
the pupil, which had expanded to the utmost to accommo- 
date itself to the faint light, does not immediately contract, 
and more light is admitted than the sensitive membrane 
can endure. 

The pupils of cats, tigers, and animals generally that prowl at night for 
prey, are capable of being expanded to such a degree as to admit one hun- 
dred times as much light as when they are most contracted. They can there- 
fore see as well by night as by day. The owl's pupil is exceedingly large ; 

the retina snrrounded? With what is the choroid coat lined ? What is outside of 
all ? What are attached to the sclerotic coat ? 6S8. What is the use of the outer 
eoats of the eye? Of the cornea? Which parts unite with the cornea in bringing 
incident rays to a focus ? What is the use of the iris ? Give some familiar proofis that 
Mm iris accommodates its«df to the intensity of the light What is said of the f upil 
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in the dsj-time, even wben contracted to the utmost, it admilH so nnoh light 
IbM tbe bird is nearlf bliuded, uid bns lo romnin ntupidl; od its roost. 

689. Befkuts op Vision. — In a'pei-fect eye, the rays 
that enter are brought to a lb<M8 on the retina, and an im- 
age is there formed. If the raya are not brought to a focus 
by the time they reaisli the retina, or come to a fbcua before 
reacliing it, no impression is made on the optic nerve or 
communicated to the brain, and conaeqaently no image J 
IB seen. I 

Hence arise two defects of vision. When the cornea ia 
too convex, distant objects form images in front of the ret- 
ina, and are not seen ; only sncli objects as are very near 
the eye are visible; and hence persons with this defect of 
vision are called nearsighted. When, on the contrary, tbe 
cornea is not convex ehongh, the rays are not brought to 
a focus by tbe time they reach the retina, and no image is 
seen. The eyes of old people generally labor under this 
defect, in consequence of the wasste of a portion of the vit- 
reous and the aqueous humor, so that the crystalline lens 
and the cornea £U1 in. This tiillinginis just what the near- 
Kghted person needs'; accordingly it is often found that 
those who are near-sighted in youth see perfectly well when 
they grow old. 

690. Tbe two defects of vision meotioDed sboTs are remadjcd b; Ibe UM 
of apeclBcles, wbicb ransist of lensea of ditFereot sbapea placed iii fbunes be- 
fore tbe ej-BS. A ncikr-Bigbtcd person uses glnsses J119I coacnve eDougli to 
imltify tbe loo greRt conveiit; of bis eye. Aa old pcrsnu useii gliiBses with 
Bufficisnl cuDTVxit;r to make up the delicieacjr of his vjt iu tbst respect. 

Gill. Spcotuclca were first used about tbe end of tlie tbirteentb ceutuiy. 
It is Bupposod Iliat the trorld is indebted to Roger Bacoo Ibr their inteatico. 
Before that time all nesr-sigblcd and most aged persous had to remain in a 
state of campamtire bUadaeBH. 

aaa. Though all other parts of (he eje be perfect, if tbe optic ner»e does 
not perform its fuDCtions, blindness is the result. Images arc formeil ou the 
retina, but tbere is no communication with the brain, and no impression 

ofliKiisU that prowl ilnlghtl What l« sold oT tlie nirl^ pupil I «BI). Wliore an Im- 
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is produced. For amaurosis, or paraljsis of the optic nerve, there is no 
remedj. 

693. Images formed on the Retina. — ^Images are 
formed on the retina, just as in a dark room, by light ad- 
mitted through an aperture (see Fig. 235). In the latter 
case, as we have abready seen, the image is inverted, and it 
follows that images formed on the retina must be inverted 
also. Why then do we see them in their natural position? 
This question it is hard to answer. The explanation com- 
monly given is this : — ^That we see all things inverted, and 
have always done so ; but, inasmuch as we know by expe- 
rience that they are erect, the mind of itself, insensibly to 
us, corrects the delusion that the inversion would other- 
wise produce. We have no means of comparison ; we see 
nothing erect, to serve as a standard and prove the general 
inversion. 

694. Another question is sometimes asked : — Since w« have two eyes, and 
two images are formed, one on each retina, why do we not see two images of 
every object ? The answer is, because both eyes are inclined to any given 
object at nearly the same angle. The images produced on the retinas are very 
nearly the same. The impressions transmitted to the brain by the two branches 
of the optic nerve are identical and simultaneous, and but one perception is 
the result. If we press on one of our eyes, so as to incline it towards an ob- 
ject at a different angle from the other, we see two images. Drunken men 
often see double, because they lose control of the muscles of the eye, and do 
not direct both eyes towards a given object at the same angle. 

69^. Visual Angle. — ^The visual angle is the angle 
formed by two lines drawn from the eye to the extremities 

of a given object. 
In Fig. 255, the vis- 
ual angle of the ar- 
row B A is B E A ; 
that of the arrow 
CD is C ED. 
A given object 




perform Its ftinctioos, what is the consequence? 693. What kind of an imago is 
formed on the retina, and why ? Since an inverted imago is formed on the retina, 
why do we see objects in an erect position ? 694. Since we hav^e two eyes, why do 
we not see two images of every object? IIow may we malce two Images visible ? 
Why do drunken men often see double ? 695. What is the Visual Angle ? Show the 
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looie large or email, according to the viBoal angle that it 
forms. Two equal arrows held up before the eye at differ- 
ent distances, as in Fig. 255, form different visual angles, 
and therefore seem to be of different siise. If we measure 
their apparent lengths with an interposed rod, we shall find 
the nearer one to measure the distance a b, the farther one 
only about half as much, cd. A small object placed near 
the eye may form as great a visual angle aa a very large 
distant object, and may therefore entirely hide the latter 
when interposed between it and the eye. 

Accordinglj, the Doarer a,a object is brought to the eje, the larger it ap- 
pears to be, and the fulhor it is removed the smidler it looks. When the 
viauiil angle is less than '/iiw "f " degree, un object becotaes ioTisible. A 
bird fl^iag fi-om uB growa stiudler tuid smnlteF, till its tisubI angle dimin- 
ishea so that it caano longer boiieeD, and vroanj that UAatgonioulofiigAi, 

090. Id the case of familiur objects, experience prevents ua from being 
misled by their apparent aiie. Insenaiblj to ouraeliea, we make allpwiinca 
for their distance, of irbich we judge by the diatinatneu of their ontline ajid 
by ioterreoing objecta. Aman nt nork on a lady steeple may not look more 
tban two feet high, yet we are in no danger of miatuking him for a dwarf. A 
distant treeaeema to be no higher than a, bush; but, if we see a horse feed- 
ing beneath it, we inluitiTely compare the twQ, and orriTe nt a correct idea 

A. wbite object can be dlstioguished at a greater dialance than one of any 
other color, and is risible twiao as fur when tbo sun shiues directly on it as 
when simply illumined hy ordinaij ligbt. Au object is brought out moat 
distinctly by a buck-ground which contrasts strikingly with it in color. 
Dark-oolored eyea, for the most part, see farther than light ones ; and thoao 
Who arc in the hahit of looking at remote objects, Uka Bailors, can discern 
minute bodies at distances which render them inTiaihle to ordinary sight. 

697. Adaptation of the Eve. — One of the most re- 
markable properties of the eye is its power of adapting 
itself to different intensities of light and different dis- 
tances. The pupil, by expanding and contracting, regu- 
lates in a measure the supply of light ; still, the difference 
of intensity in the light admitted to the eye under different 
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circumstances is very great. We can read by the light of 
the moon and by that of the sun ; yet the latter is 647,500 
times as intense as the former. 

698. Again, the eye adapts itself to different distances. 
If we look at a remote object through a telescope, we have, 
to pull out the tube to a certain length, according to tliei 
distance, before we can see it to advantage. No such arti- 
ficial adjustment is necessary with the eye. We look suc- 
cessively at objects 1, 5, 10, and 20 feet off; and in each 
case the eye instantly adapts itself to the distance. 

699. An object may move with such velocity that we 
can not see it, as is the case with a cannon-ball. This is 
because the image formed on the retina does not remain 
sufficiently long to produce an impression. When an image 
is once formed, it remains from one-sixth to one-third of a 
second after the object has disappeared. Hence a burning 
stick whirled rapidly round seems to form a circle of fire," 
and a meteor or a flash of lightning produces a coptinuous 
train of light in the heavens. 

Optical Instruments* 

700. The Stereoscope. — ^The Stereoscope is a combi- 
nation of two double- convex lenses, so placed, one in front 
of each eye, as to form from two pictures of any solid ob- 
ject or scene, a single image which appears to stand out 
in relief The two pictures are photographs (p. 268), taken 
from two slightly different points, so as to show the object 
or scene just as it would appear to each eye separately. 

701. The Camera Obscura. — ^When rays from an ob- 
ject brilliantly illiuninated are admitted through an aper- 
ture into a dark room, an inverted but indistinct image is 
formed. We may give it a sharper outline by placing a 
double-convex lens in the aperture, and receiving the image 

one of the most remarkable properties of the eye? Give an example of the diflfer- 
ence of intensity in the light admitted to the eye. 698. Show how the eye adapts 
itself to different distances. 699. Why Is it that an object moving with very ^eat 
velocity is not seen ? When an image is once formed, how long does it remain after 
the object has disappeared ? Give examples. 700. What is the Stereoscope ? What 
are stereoscopic views? 701. What is meant by the Camera Obscara? How is 
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on a white ground at its focua. Such an arrangement is 
called tlie Camera Obscura, or dark chamber. 

For practical purposes, the camera ohscnra must be 
portable. A close box, painted black on the inside, is 
therefore substituted for the darkened room. This instru- 
meot enables the draughtsman to sketch material objects 
or natural scenery with great ease and accuracy, and ia ic- 
dispenaable to the daguerreotypist and photographer. 



DranffAlmian 
repreeeQtJ^ tlie camera aa iiaed by draugjitH- 
moQ. To bo conTeoienlly traced, the imaga 
muBt be tlirown (in a borizontHl Burlnce, and 
this is cOeoled by mukingtlie opening in the 
top of the box and reoeiTing Ihe rajg on a 
mirrar. A, inclined at an angle of rortf-iJTO 
degreKS. From this mirror thej are reflect- 
ed to B meoiecus, B, which crosses the aper- 
ture, and ire by it refracted to tbo hDriiontal 
aurfnce, C D, where, on white paper placed to 
receive it, it formed a distinct image, which 
can ba I'eadil j traced with a pencil. The up- 
per put of the draughtBUian'B person is ad- 
mitted throngh an opening ia the side of the 
box, orer which a durk curtain must be 
drawn, bo aji to eidadc all light except what ei 
703. I%ot<?ffrap!i- 



Fig. asfl. 
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era. When a daguerreotype is to be taken, the ground glass is withdrawn, 
andanothei^rame, C, containing a prepared plate, carefully shielded from 
the light, is introduced in its place. A door in front of C is then raised, 
and the image formed by the lenses is thus allowed to fall on the plate. 

Fhotographie Proeest. — In the dagueireotype process, the plate is of 
copper thinly covered on one side with silver, which is rendered sensitive 
by exposure to the vapor of iodine. In making a negative from which to print 
photographs, the plate used is of glass, coated with collodion (a solution 
of gun-cotton in ether and alcohol, impregnated with an iodide), and then 
immersed in a nitrate-of-silver bath. The rays transmitted through the 
camera, by that property inherent in them which we have called actinigm^ 
in a few seconds produce a chemical effect on the sensitive surface, and the 
plate is then removed to a dark room. No change is visible on its sur- 
face ; but, as soon as a solution of sulphate of iron mixed with acetic acid is 
poured on it, the picture begins to appear, and soon becomes distinct. The 
image thus developed is fixed by immersing the plate in a solution of 
cyanide of potassium. It is then washed in water, dried, and varnished. 

When it is desired to print photographs from o negative, albumen-paper 
is floated on a bath of nitrate of silver, dried, and put in a printing-frame. 
The coated surface of the negative is then pressed down on the sensitive 
surface of the paper, and in this position exposed to the sun. The impres- 
sion obtained is then washed in two or three waters, and toned in a solution 
of chloride of gold. It is then fixed by immersing it in a solution of hy- 
posulphite of soda, thoroughly washed, and dried. 

704. Thb Microscopb is an instrument whicli enables 
us to see objects too small to be discerned by the naked 
eye. This is the case with objects whose visual angle is 
less than -^ of one degree ; the microscope enables us to 
see them by increasing their visual angle. 

Microscopes are either Simple or Compound. A Simple 
Microscope is one through which the object is viewed 
directly. With the Compound Microscope a magnified 
image of the object is viewed, and not the object itself 

705. The Simple Microscope. — ^The simple microscope 
consists of a double-convex lens (or sometimes more than 
one), which operates on the principle shown in Fig. 258. 

The arrow h e would be seen by the naked eye under the visual angle 
h Ac, When the lens m is interposed, the rays are so refracted as to form 

prepared in the daguerreotype process ? How, In the photographic process ? How 
are photographs printed from a negative ? 704. "What is the Microscope ? What is a 
Simple Microscope ? What is a Compound Microscope ? 705. Of what does the 
simple microscope consist ? With Figure 268, explain the principle on which the 
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Che yisnal angle DAE, and the arrow 
appears to be of the size D E, much 
larger than it reallj is. Sometimes 
an exceedingly minute object becomes 
visible when brought very near the 
eye, but in that position the rays en- 
ter the eye with such divergency that 
a confused image is produced. The 
microscope corrects this excessive divergency, and presents a clear and mag- 
nified image. 

706. The Compound Microscope, — ^The compound mi- 
croscope is a combination of two, three, or four convex 
lenses, through which we view a magnified image of an 
object instead of the object itself. The lenses are fixed in 
tubes moving one within the other, and suitable apparatus 
is provided for adjusting them, for holding the object un- 
der examination, and throwing on it a strong light. When 
but two lenses are employed, they are arranged as repre- 
sented in Fig. 269. 

Fi&2S9. 
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D E is the object, and B, the lens nearest to it^ is called the dbject-gla^. 
G, the lens nearest the eye, is called the eye-glass, A magnified image of the 
arrow is formed at H I by the lens B. This image is viewed through the 
lens C, and is thus still ^rther magnified, being seen under an increased 
visual angle at F G. Kthe magnifying power of B is 20, and that of C 4, the 
image seen will be 80 times the size of life. 

707. Sola/r and Oxy-hydrogen Microscopes, — ^These mi- 
croscopes are used for throwing magnified images on a 
white screen in a* darkened room. 



simple microscope operates. TOd. Describe the compound microscope. With the aid 
of Fig. 259, name the parts and show the operation of the compound microscope. 
907. For what are the Solar and the Oxy-hydrbgen Ifioroecope used? Describe the 
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In the case of the Solar Microscope, an apertare is made 
in one of the shutters. Outside of this a mirror is placed, 
in the smi, at such an angle as to reflect the rays that fell 
on it through a horizontal tube towards the object to be 
magnified. They first fall on a convex lens, and then on a 
second, which brings them to a focus on the object, and 
thus illuminates it brilliantly. Another lens, at the oppo- 
site extremity of the instrument, produces the magnifying 
effect. A screen, from ten to twenty feet off, receives the 
image, which increases in size with the distance. If the 
screen is too far removed, the image becomes faint; but 
so powerful is the light concentrated on the object that a 
very great magnifying effect may be produced without any 
lack of distinctness. 

In the Oxy-hydrogen Microscope, the principle is the same, but the bril- 
liant light produced by burning lime in a current of oxygen and hydrogen is 
substituted for the rays of the sun. Accordingly, with this instrument, the 
aperture in the shutter and the mirror on the outside are unnecessary. Fig. 
260 shows the operation of the oxy-hydrogen microscope. 

Fig. 260. B represents an intense 

white light produced by the 
burning of a cylinder of lime 
^ in a current of oxygen and hy- 
_ ^ , drogen combined. This light 

=P* falls on the reflector A, by 

which it is thrown back on the double convex lens 0, and this brings it to a 
focus on the object D. E is an achromatic lens, which throws a magnified 
image on the screen. 

708. The microscope introduces us to new worlds, of the very existence 
of which we would otherwise have been ignorant. It reveals to us, in every 
drop of water in which vegetable matter has been infused, swarming myriads 
of moving creatures, — miniature eels, infinitesimal lobsters, ravenous mon- 
sters with distended jaws preying on their feebler fellows, — all endowed with 
the organs of life, and so minute that their little drop is to them a world nearly 
as large as ours to us. It shows us the feeding apparatus of the flea magni- 
fied to frightful dimensions, and his body arrayed in a panoply of shining 
and curiously jointed scales, studded at intervals with long spikes. The 
mould on decaying fruit it magnifies into bushes with branches and leaves, 

Bolar microscope, and its oi>eTatlon. What is the effect of romoving the screen to a 
greater distance from the instrument ? What light is employed in the oxy-hydrogen 
microscope ? With Fig. 260, show how this microscope operates. 708. What is said 
of the revelations of the microscope ? What difference does it exhibit between tho 
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displBTing an the mguliuit; and beautj of the TegeUble et«atiOD. It dU- 
cIoBGs to us nuuij Btiiking facts connected with pbjsiologf sad chemiBtrf. 
It showg aa the imperfcctioa of the finest works of art, when compared wiUi 
thoae of nature. The edge of the sharpest razor, viewed throagh a micro- 
scope, is full of Qotcbes ; the point of a needle is blunt, and its surface is cot- 
ered with inequajitiea. The magnified sting of a bee, on the other hand, is 
perfectif smooth, regular, and pointed. The finest thread of cotton. lineD, 
or silk, is rough and jagged : whereas in the filament of a spider's web not tbe 
slightest irregularity can be detected. — In a word, the revelations of the mi- 
croscope are In the highest degree wonderful and interesting ; and, to what- 
ever we direct*it, we alwajs find abundant matter Id reward our labor and 
atimulale ns to further researches. 

709. The Magic Lantebn. — ^The JIagic Lantern ia an 
instrument for throwing on a screen magnified images of 
transparent objects. It operates on the same principle aa 
the oxy-hydrogen microscope, but for its illuminating power 
has an ordinary lamp Instead of the intense light produced 
by homing lime. 

Fig. ML 




Fig. SSI repreaenla the magic lantern. L is the lamp. U N ia the ro* 
fleeter, wbicb throws the light on the lens A. This lens brings it to a focus 
on the pief uro, which is painted on a glass slider and introdaced into the 
opening C D. The lens B receives the raja fittm the slider, and throws a 
magnified image on the screen F. 

710. PhaMasmagoria. — ^When a powerful light is used, 
and the tube conttuning the magnifying lens or lenses is 
capable of being drawn out or pushed in, so aa to bring 
them at different distances from the object, we hare what is 
called a Phantasmagoria Lantern. 
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To exhibit the Phantasmagoria, a transparent screen is suspended, on one 
side of which is the exhibitor with his Untem, on the other the spectators 
Having brought the lantern close to the screen and drawn out the tube till 
the image (which will be quite small) is peifect, the exhibitor walks slowly 
back. He thus gradually increases the size of the image, while he preserres 
its distinctness by pushing in the tube as he recedes. The effect on the 
spectators is startling. The room being dark, they can not see the screen, 
but only the illuminated image, which, as it grows larger, appears to be 
moving towards them ; even those who are familiar with the instrument can 
hardly disabuse their minds of this impression. When the exhibitor ap- 
proaches the screen and pulls out the tube, the image becomes smaller and 
appears to recede. 

711. Dissolving Views, — ^Dissolving Views, in which 
one picture appears to melt into another, are produced by 
two magic lanterns, inclined so as to throw their images on 
the same spot. An opaque shade is made to revolve in 
front of the instruments, in such a way as gradually to in- 
tercept the rays from one and uncover the tube of the other. 
The first picture fades, and a new one takes its place, be- 
coming more and more distinct as the other disappears. 

712. The Telescope. — ^The Telescope is an instrument 
for viewing distant objects. It appears to have been in- 
vented by Metius, a native of Holland, in 1608. The fol- 
lowing year, Galileo, hearing of the new instrument, con- 
structed one for himself and was the first to make a 
practical use of the invention. To the Telescope, Astron- 
omy is indebted for the important advances it has made 
during the last two centuries. 

Telescopes are of two kinds. Refracting and Reflecting. 
In the former, which were the first constructed, lenses are 
used ; in the latter, polished metallic mirrors. 

713. Refracting Telescopes, — ^The simplest form of the 
telescope is that devised by Galileo. It is a tube contain- 
ing a convex object-glass and a concave eye-glass. By the 
former parallel pencils are made to converge towards a 
focus, where they would form an inverted image ; but be- 

tera. 710. What is the Plftintasmagoria Lantern ? How are the phantasmagoria pro- 
dnced? What is said of their elfect? 711. What are Dissolving Views? How are 
they produced ? 712. What is the Telescope? By whom was it invented? Who 
first made a practical use of the inyention? Name the two kinds of telescopes. 
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fore reaching the focus they ^11 on the concave lens, and 
have their convergency so far corrected that an object is 
distinctly seen by an eye at the extremity of the tube. The 
Opera-glass consists of two Gtdilean Telescopes combined. 
The night-glass nsed by sailors is on the same plan. 

In the instrument called the Astronomical Telescope, both object-glass and 
eye-glass are convex. The former produces an inverted image at its focus ; 
the latter, which is so placed that its focus falls at the same spot, refracts the 
rays diverging from this image, and thus renders it visible to the eye. The 
inversion of the image is of no consequence in observing the heavenly bodies ; 
but, when objects on the earth are viewed, we want an erect image, and there- 
fore in the Terrestrial Telescope two additional lenses are introduced to cor- 
rect the inversion. 

714. Heflecting Telescopes. — ^In Reflecting Telescopes, 
a speculum, or mirror, takes the place of the object-glass. 
These instruments appear in several different forms. The 
principle on which Herschel's is constructed, will be under- 
stood from Fig. 262. 

The mirror SS is Fig. 202. 

placed at the farthest 
extremity of the tube, 
inclined so as to make 
the rays that fall upon 
it converge towards the 
side of the tube in which 
the eye-piece a 5 is fixed to receive thegu The observer at E, with his back 
towards the heavenly body, looks through the eye-piece, and sees the reflect- 
ed image. His position is such as not to prevent the rays from entering the 
open end of the tube. The advantage gained with this instrument depends 
in a great measure on the size of the mirror ; for all the rays that fall on it 
are concentrated and transmitted to the eye. 

715. The largest telescope ever constructed was made by the Earl of Rosse. 
The great mirror is six feet in diameter, and weighs four tons. The tube, at 
the bottom of which it is placed, is of wood hooped with iron. It is fifty-two 
feet long and seven feet across. It is computed that with this instrument 
250,000 times as much light from a heavenly body is collected and transmit- 
ted to the eye as ordinarily reaches it. 




713. Describe the Galilean Telescope. Of what does the Opera-glass consist? De- 
scribe the Astronomical Telescope. How does the Terrestrial Telescope differ from 
the Astronomical ? 714 In reflecting telescopes, what takes the place of the object- 
glass ? With Fig. 262, explain the principle on which Herschel's Telescope operates. 
On what does the advantage gained with this instrument depend ? 715. Describe tho 
telescope of the Earl of Soese. How great ia the advantage gained with it ? 

12* 
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EXAMPLES FOB PBACTICE. 

1. (See S 594.) How long does it takes raj from the moon to reach the earCl^ 

the moon*8 distance being 240,000 miles? 

2. The planet Jupiter is 476,000,000 miles from the snn. How long does it 

take a raj of light from the sun to reach the planet ? 
8. A raj of light from the sun is about 12,278 seconds longer m reaching the 
newl J discovered planet Neptune than in reaching Jupiter. About how 
man J miles farther from the sun is Neptune than Jupiter ? 

4. (See § 595.) A holds his book 1 foot, and B holds his 8 feet, from a certain 

candle. How much more light docs A receive than B f 

5. The planet Uranus is twice as far from the sun as the planet Saturn. 

How docs the light received at Saturn compare in intensitj with that re- 
cei fed at Uranus ? 

6. (See § 650.) How manj times is the ordinarj heat of the sun increased bj 

a burning glass with an area of 10 square inches, the focus of which has 
an area of Vio of a square inch ? 

7. A convex lens has a focus Vs of a square inch in area, and increases the 

heat of ordinarj sun-light 200 times ; what is the area of the lens f 
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CHAPTER XV. 

AOOUfeTIOS. 

716. Acoustics is the science that treats of sound. 

717. Nature and Origin of Sound. — Sound is an im- 
pression made on the organs of hearing by the vibrations 
of elastic bodies, transmitted through the air or some other 
medium. These vibrations may be compared to the mi- 
nute waves which ripple the surface of a pond when a stone 
is thrown in, — spreading out from a centre, but growing 
smaller and smaller as they recede, till finally they are no 
longer perceptible. They are produced by percussion, or 
any shock which puts in vibration the molecules of the 
sounding body. There is no sound that can not be traced 
to mechanical action. 

718. Bodies whose vibrations produce clear and regular 
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sounds are called Sonorous. Bell-metal, glass, the head of 
a drum, are sonorous. 

719. That sound is produced by vibrations is proved in various ways. A 
person standing near a piano-forte or an organ, when it is played, feels a 
tremulous motion in the floor of the apartment, as well as in the instru- 
ment itself if he touches it. We perceive the same tremor in a bell when 
in the act of being rung. In like manner, if we strike a tumbler so as to pro- 
duce a sound, and then touch the top, we feel an internal agitation ; and^, 
when the vibrations are stopped, as they are by contact with the finger, the) 
sound ceases with them. If we put water in a glass and produce a sound by 
rubbing the top with the finger, the liquid is agitated, and its motion contin- 
ues until the sound dies away. — Place some fine sand on a square piece of 
glass, and, holding it firmly with a pair of pincers, draw a violin-bow along 
the edge. The sand is put in motion, and finally settles on those parts of 
the glass that have the least vibratory movement. — If a tuning-fork be struck 
and applied to the surface of mercury, minute undulations may be observed 
in the metal. 

That these vibrations are communicated to the air and by it transmitted 
to the ear, also admits of easy proof. The rapid passage of a heavy cart or 
stage shakes the walls of a house. The discharge of artillery sometimes breaks 
windows. These effects are due to the vibrations suddenly produced in the 
air. If there is no air or other medium to transmit the vibrations to the ear, 
no sound is heard. We have already seen (§ 439) that a bell rung in an ex- 
hausted receiver can hardly be heard ; if the air could be entirely removed, 
it would be wholly inaudible. Sound, therefore, does not leap from point to 
point, but is transmitted by vibrations communicated from one particle to 
another. 

720. All sonorous bodies are elastic, but all elastic bodies 
are not sonorous. 

Soft bodies are generally non-elastic, and consequently not sonorous. 
This is the case with cotton, for example, which yields little or no sound 
when struck by a hammer. It is on this account that music loses much of its 
effect in rooms with tapestried walls or curtained windows. Hence, also, a 
speaker finds it more difficult to make himself heard in a crowded room than 
in one that is empty. 

721. Transmission op Sound. — ^All the sounds that or- 



716. What is Acoustics ? 717. What is Sound ? How are sound- waves produced ? 
To what is every sound traceable ? 718. What bodies are called Sonorous ? Give 
examples. 719. How is it proved by familiar experiments that sound is produced by 
vibrations ? If a tuning-fork bo struck and applied to the surface of mercury, what 
may bo observed ? How is it proved that these vibrations are communicated to tho 
air and by it transmitted to tho ear ? 720. What property belongs to all sonorous 
bodies ? What bodies are, for the most part, not sonorous ? Give examples. - What 
follows from the &ct that soft bodies are not sonorous ? 721. By "what are the sounds 
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dinarily reach our ears are transmitted to them by the air. 
Any material substance, however, that connects our organs 
of hearing with a vibrating body, may transmit the vibra- 
tions in the same way. Thus, with our heads immersed in 
water, we can hear a sound produced under the surface at 
a considerable distance. Here water is the transmitting 
medium. 

722. Liquids are better conductors of sound than aeri- 
form bodies, and solids than liquids. 

Persons in boats can conTerse with each other at a great distance, be- 
cause water is a good conductor of sound. When the ear is applied to one 
end of a long stick of timber, the scratch of a pin at the other end can be 
distinctly heard, owing to the conducting power ofthe wood. An approaching 
locomotive can be heard at a great distance by placing one's ear on the rails. 
The American Indians knew by experience the facility with which solids 
transmit sounds, and were in the habit of applying their ears to the earth 
when they suspected the approach of an enemy, or wanted a more distinct 
impression of any sound that attracted their attention. 

728. The denser air is, the more readily it transmits sounds. On the 
tops of high mountains, where, as we have already learned, the atmosphere 
ia rare, the human voice can be heard only a few rods off, and the report of 
a musket sounds no louder than the snapping of a whip at the level of the 
sea. On the other hand, the air in a diving-bell let down to the bottom of 
the sea, which is condensed by the upward pressure of the water, transmits 
sound so freely that those who descend can hardly speak to each other above 
their breath ; conversation in an ordinary tone would pain the ear. — Frosty 
air is a much better conductor of sound than warm air. In the polar re- 
gions, conversation has been carried on by two persons a mile apart. 

Still air of uniform density transmits sounds more freely than air which 
is agitated by variable currents or contains strata of different density. This 
is one reason why sounds are more distinctly hoard by night than by day. 
Falling rain or snow interferes with the vibrations, and tends to make 
■ounds less distinct ; so, likewise, do contrary winds. 

724. If the air were perfectly still and of uniform densi- 
ty, sound transmitted through it would decrease in loud-* 
nes8 as the square of the distance from the vibrating body 

we ordinarily hear, transmitted ? What else may transmit sound-waves in the same 
way ? 722. How do solid, liquid, and aeriform bodies compare, as condactors of 
sound ? Give a proof of the conducting power of water. State some fhcts illustrating 
the facility with which solids conduct sound. 728. How do rare and dense air com- 
pare, as conductors of sound ? Give examples. How does cold air compare with warm 
in conducting power ? Under what oiroumstanees does air transmit sound most fl%e< 
ly ? What ia the effeot of iblling rain or snow? 724. If the air were perfectly still 
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increased. The report of a cannon, for inetance, wonid 
Beem only one-fourtb as loud at a diBtance of 200 feet as 
at a distance of 100 feet. 

725. VaxociTT OP SonnD. — Under ordinary circum- 
Btances, at a tenaperature of 60° F., sound is transmitted 
through air with a veloeitj/ of 1,120 feet in a second, wiach 
is at the rate of a mile in about 4j seconda, 
' All sounds, whether loud or fiiint, high or low, ara ' 
transmitted by a given medium with equal rapidity. Were 
it not so, tbei-e would be no bucIi thing as harmony In mu- 
sical performnncea, for the notes of the different instruments 
would reach the ear at different intervals. 

Sound, it will be obsarred. trarelfl mucb more alowij than light. Th* ' 
iBtler moYHS 186,000 miles while the former is going onlj 1,120 feet The j 
diifeFeDce in thuir velocities is perceptible eren at short distances. Ifiri 
* look at a man splitting wood a few roclB off. we see tbe ane descend On thi 
log some time beforB vre hear the naiae of the blov. So, the report of a can 
noa is not heard till after the flash is seen,— the interval being long or short 
aCDording to its distance. 

7S6. When the Bound ia uceompitnicd irilh a Bosh, knowing the relutiva 
retoci^ of sound and light, wo cao calculate very nearlj the distance from 
which it comes. We have only to notice the number of seconds that elapse 
after the flash is seen before the sound is heard, and multiplying this by 
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orse the given distance and reach the eye, 

into the calculation. Fur cianJEile, if a clap of tbuudei 

after the nooompanjing flash is seen, th. ' ' ' 

times 1,1S0 (or S,3eo) feet distant. The 

the nearer the cluud. 

727. Water transmits sound 4J times as rapidly as air ; 
iron, 10 times ; and different kinds of wood, from 11 to 17 
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when a bell at the end of a long iron tube U Btmok, two sonncUi are heard at 
the opposite extremity, — the first conducted bj the iron, the second bj the 
air within it. 

728. Distance to which Sound is TEANSMrrrKD. — So 
many chauges are constantly taking place in the atmos- 
phere, in its temperature, moisture, density, and the veloc- 
ity and direction of its currents, that no universal law can 
be laid down as to the distance at which sound is audible^ 
Tlie human voice, when raised to its highest pitch and loud- 
est tones, may be heard at the distance of an eighth of a 
mile ; the report of a musket, at 6 miles. 

Through the water, or in the atmosphere direcUj over it, sounds are trans- 
mitted to a great distance. The ringing of a bell under water has been heard 
across the whole breadth of Lake Oeneva, not less than nine miles. The 
** all's well " of the sentinel at Gibraltar has been distinguished twelve miles 
off, and naval engagements have been heard at a distance of 200 miles. An 
eruption of the volcano of St. Vincent has been heard at Demerara, 840 miles 
off, — the greatest distance on record to which sound has been transmitted bj 
the atmosphere. 

729. Acoustic Tubes. — ^It is their dispersion in the sur- 
rounding air that makes sounds finally inaudible. Hence, 
when they are confined within tubes, they are carried to a 
much greater distance. The slightest whisper has been 
heard through an iron pipe 3,120 feet (more than half a 
mile) in length. 

This fact has been turned to account in several ways. The voice is con- 
veyed by speaking-tubes from one part of a building to another, frequently 
to a considerable distance and by a circuitous route. The Stethoscope, an 
instrument for examining the lungs and other internal organs, is an applica- 
tion of the same principle. It is a hollow cylinder of wood with a funnel- 
shaped extremity, which is placed on the organ to be examined while the ear 
is applied to the other end. The sounds produced by the vital action within 
are thus conveyed to the ear, and enable the experienced examiner to judge 
whether the organ is in a healthy state. 



air ? Iron f Wood ? What experiments prove that solids conduct sound more rap- 
idly than ^r ? 728. What makes it impossible to lay down a universal law as to the 
distance at which sound is audible ? How far may the human voice be heard? The 
report of a musket ? What instances are mentioned showing the great distance to 
which sound is transmitted by water ? What is the greatest distance on record to 
which sound has been transmitted by the atmosphere ? 729, What makes sounds 
finally inaudible ? How may this difficulty be in a measure removed ? How &r has 
a fkint whisper been heard through a tube ? How has this principle been tamed to 
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730. The 8peaking4rump€t, — ^Evenif the tube is short, 
the more mtense pulsation excited in a column of confined 
air makes a given sound audible at a much greater distance 
than if it is at once diffused in the atmosphere. This is 
proved by the Speaking-trumpet, an instrument used by 
seamen and others who wish to give additional power to 
their voices. The narrowness of the tube prevents the easy 
flow of the air which the voice sets in vibration. The or- 
gans of articulation, therefore, operate on it with concen- 
trated force, as they do on condensed air ; and, conse- 
quently, when the vibrations escape from the tube, they 
are propelled to a greater distance. A loud voice with a 
speaking-trumpet 20 feet long, can be heard at a distance 
of three miles. No one can use the speaking-trumpet long 
without being exhausted, which shows that an unusual 
effort has to be made with the voice. 

731. Interference of Sound. — ^Two sets of vibrations 
of equal intensity, meeting in such a way that the depres- 
sions of one correspond with the elevations of the other, 
interfere^ or neutralize each other, and an interval of silence 
is the result. 

Cause a tuniog-fork to vibrate and hold it over a cylindrical glass vessel. 
Vibrations will soon be communicated to the glass, and a musical note will 
be heard. Place a similar glass vessel at right angles to the first and oppo- 
site the tuning-fork, and the note previously heard will cease. Withdraw it, 
and the note is again heard. The vibrations of the first vessel produce tho 
sound, but are neutralized by those of the second. 

732. REFLEcnoN OF SouND. — ^Vibrations striking a 
plane surface are reflected from it (like light and heat) in 
such a way as to make the angle of reflection equal to the 
angle of incidence, 

733. Echoes, — ^When a sound is heard a second time by 
reflection, afl;er a certain interval, an Echo is said to be 
produced. A sound is sometimes repeated more than once. 



account ? What Instrument is constructed on this principle ? Describe the Stetho- 
scope, and its operation. 780. By whom Is the Speaking-trumpet used ? Explain the 
principle on which It operates. How far has a loud voice been hoard with a speaking- 
trumpet ? 78L What is meant by the Interfe]||nce of sound, and how is it caused ? 
Give an example. 782. What is the law for the reflection of sound ? 788. What is an 
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according to the number of reflecting snn&ces on wMch it 
Btrikea. An echo near Milan repeats a single syllable thirty 
times. 

To be distinctlj beard, the echo must not reach the ear till one-ninth of a 
geoond after the original sound has ceased. Otherwise they will run together 
and form one continuous sound. Hence, the reflecting surface must be a 
certain distance from where the original sound is produced. The farther it 
is off, the longer the reflected sounds will be in reaching the observer's ear, 
and the more syllables will be repeated. At Woodstock, England, there is 
an echo which repeats from 17 to 20 syllables ; in this case the reflecting sur- 
face is distant about 2,300 feet. In mountainous regions echoes are quite 
common. There are several remarkable ones among the Alps; and the 
mountaineers contrive to sing one of their national songs in such time that 
the echo forms an agreeable accompaniment. ' 

In ordinary rooms no echo is perceived, because the distance of the walls 
is so small that the reflected sound is mingled with the original one ; but in 
large halls, unless the principles of Acoustics are regarded, an unpleasant 
echo follows the speaker's words and makes them confused and indistinct. 

734. Ear-trumpets, — Ear-trumpets, used by deaf per- 
sons, concentrate and reflect to the interior membrane of 
the ear, vibrations that strike it, and thus render audible 
sounds that could not otherwise be heard. The principle 
on which they operate will be understood from Fig. 263. 

rig. 263. ^^® sounds enter the large end, and are united by 

successive reflections at the small end, which is applied 
to the ear. The outer part of the ear is itself of such a 
shape as to collect the sound-waves that strike it and re- 
flect them to the membrane within. To enable them to 
hear more distinctly, we often see people putting up their 
hands behind their ears, so as to form a concave reflect- 
mg surface ; in which case, the hand acts somewhat on 

the principle of the ear-trumpet. Instinct teaches animals to prick up their 

ears when they want to catch a sound more clearly. 

Shells of a certain shape reflect from their inner surface the vibrations 

that strike it from the external air, and hence the peculiar sound that is 

heard when they are applied to the ear. 

Echo ? In what case may a sound be repeated more than once ? How often does an 
echo near Milan repeat a syllable ? What is essential to the distinctness of an echo ? 
On what does the number of syllables repeated depend ? Give an account of the 
echo at Woodstock, England. Where are echoes quite common ? What is said of , 
those in the Alps ? Why is there no echo in ordinary rooms? 784 How Is it that 
Ear-trumpets render audible sounds that could not otherwise be heard ? What Is 
said of the outer part of the ear ? H||v Is the hand made to act on the principle of 
a speaking-trumpet ? Why do animals prick up their ears ? Explain the roaring of 
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735. Whispering Galleries. — Sound reflected from curved 
Burfacea follows-the same law as light and heat. Let two 
large concave brass miiTora be placed opposite to each 
other, aa shown in Fig. 213 ; the ticking of a watch, or the 
faintest whisper in the focus of one, la distinctly heard, 
after two reflectionB, at the focua of the other, though in- 
audible at any other point. Two persona with their backs 
to each other can thus carry on a conversation, while those 
between them are not aware that anytliing is being said. 

An apartment in wliich such a reflection is produced by 
the walla is called a Whispeiing Gallery. An oval form is 
the best for sucli a gallery, becauae there are two points 
within, to either of which all the vibrations produced at 
the other are reflected at the same instant from every point 
of the Burrounding walls. The dome of St. Paul's Church, 
London, and that of the Capitol at Washington, are exam- 
ples of fine whispering galleries. 

One of the most remarkable Htmcturea of Ibia kind la Bucieut times was 
"the earof DioDjaius", udungeuti so CB.lled from the tyruit of Syf actiBi!, by 
whom it iraa conatmct^id. The walla aod roof were ho arranged (hat every 
Bound from within waa reflected and conveyed to a neighlwring apartment, 
where the tyrant coald eosaoace himself aud hear evou (bo wliiapers of bia 
unanApecting victims. 

736. Musical Soitndb. — Musical Sounds are produced 
by regular vibrations, uniform in their duration and in- 
teuHty. 

737. Xovdness, Pitek, and Quality, — ^In connection 
with mnaical Bounds, three things muat be considered ; their 
Loudness, their Pitch, and their Quality. 

The Londness of a musical sound depends on tho extent 
of the vibrations producing it. The greater the vibrations, 
the louder is the sound. 

The Pitch of a musical sound depends on the rapidity 
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of the vibrations producing it. The more rapid the vibra- 
tions, the higher is the pitch. 

The slowest vibrations that produce audible musical sounds follow each 
other at the rate of 8 in a second, and a verj low note is the result. As the 
vibrations become more rapid the pitch rises, till they recur at the rate of 
24,000 in a second, when a very high note is produced. Beyond this the vi- 
brations last so short a time that they no longer affect an ordinary ear, and 
no musical sound is heard. 

The Quality of a musical sound depends on the nature 
of the vibrating body. The human voice, the piano, and 
the flute, may all produce a note of precisely the same 
loudness and pitch, and yet we readily distinguish them 
apart. The difference lies in their Quality. 

738. All musical sounds are produced by the regular 
vibrations either of solids or confined air. This gives rise 
to a division of musical instruments into two classes : — 
Stringed Instruments, like the violin; and Wind Instru- 
ments, like the flute. 

739. Stbingkd Instruments. — ^The strings used in mu- 
sical instruments are made of metal or cat-gut. They are 
fastened at each end, and are set in vibration with the fin- 
ger, as in the case of the harp, — or by the stroke of a ham- 
mer, as in the piano, — or by drawing across them an instru- 
ment made for the purpose, like the bow of a violin. 

740. To produce notes of different pitch, two strings 
must vibrate with different degrees of rapidity. That they 
may do so, one must be longer than the other, or thicker, 
or stretched more tightly. 

The longer a string is, with a given thickness and tension, the more 
slowly it vibrates and the graver its tone. — The thicker a string is, with 
a given length and tension, the more slowly it vibrates and the graver its 
tone. — The more tightly a string is stretched, with a given length and thick- 
ness, the more rapidly it vibrates and the more acute its tone. 

depend ? On what, its Pitch ? How rapidly do the vibrations that produce the low- 
est audible musical soands follow each other ? How rapidly, those that produce the 
highest notes ? On what does the Quality of a musical sound depend t Give an ex- 
ample of difference in quality. 788. By what are all musical sounds produced ? How 
are musical instruments, then, divided? 789. Of what are the strings used in mu- 
sical instruments made ? How are they set in vibration ? 740. How are two strings 
made to produce notes of different pitch ? State tho three laws relating to the length, 
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Stringed instruments are tuned, — ^that is, brought to thdr proper pitch,— 
hj turning pegs to which the strings are attached. Changes in the condition 
of the atmosphere affect the length and consequently the tone of the strings. 

741. The music of the ^olian Harp is produced by the action of currents 
of air on strings which are stretched between two small uprights two or three 
fe^t apart. The most pleasing combinations of sounds sometimes proceed 
from this simple instrument, commencing with a strain, soft and low, as il 
wafted to the ear from a distance, then swelling as if it were coming nearei^ 
while other notes break forth, mingling with the first with indescribable 
sweetness. 

742. In the case of the drum, musical sounds are produced hy the vibra- 
tions of a tense membrane acting on the same principle as strings. 

743. Wind Instruments. — ^In wind instruments, such as 
the flute, the trumpet, ifec, musical sounds are produced 
by the vibrations of air confined within tubes. In tubes 
of equal diameter, the pitch of the note differs according 
to the length of the vibrating column ; the shorter the col- 
imin, the higher or sharper the note. 

There are two ways of producing notes of different pitch 
with the same instrument : — 1. By joining tubes of dif- 
ferent length and diameter, as in the organ. 2. By having 
but one tube and providing apertures in it at different in- 
tervals, by uncovering which the air is allowed to escape, 
and the internal vibrations are stopped at any desired point. 
This is the arrangement in the flute. 

A wind and a stringed instrument produce notes of the same pitch when 
the column of air contained within the former vibrates with the same rapid- 
ity as the string which produces the note of the latter. 

744. The tubes of wind instruments maj be open at both ends, or closed 
at both ends, or open at one end and closed at the other. In the last case, 
the note produced is twice as low as in either of the other cases, the length 
of the tubes being the same. 

745. Musical notes are produced with wind instruments by blowing into 
one end, by causing a current of air to enter an aperture, or by making 

thickness, and tension of strings. How are stringed instmments tiinod? What 
causes them to got out of tune ? 741. How are the sounds of the JSolian Harp pro- 
duced ? Describe the music of this instrument. 742. How are masieal sounds pro- 
duced in the case of the drum ? 743. How are musical sounds produced in wind 
instruments? On what does the pitch of the note depend? How many ways are 
there of producing notes of different pitch with the same wind instrument ? Mention 
them. When do a wind and a stringed instrument produce notes of the same pitch ? 
744 What is said respecting the openings of the tubes of wind instruments? 
745b What three modes of producing musical notes with wind instruments are men- 
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such a current act on thin plates of metal or wood properly arranged 
within. 

746. A jet of hydrogen gas, ignited and made to pass through a glass tube 
about an inch in diameter, produces sweet musical sounds, which may be 
made soft or loud at pleasure by raising or lowering the tube. These sounds 
are caused by vibrations excited in the confined air by the burning hydrogen. 

747. The Organ. — ^The grandest and most complicated 
pf wind instruments is the organ. It combines the tones 
of almost every other wind instrument, in such a way that 
they may be used singly or together at the pleasure of the 
performer. Organs, moreover, are now made with tones 
so closely resembling those of the human voice, that one 
who hears them would suppose he was listening to a full 
choir of singers. The great organ at Haarlem, in Holland, 
one of the most noted in the world, has no less than 5,000 
pipeSy as the tubes of the organ are technically called. 

The water-organ, or hydrauUcon, was known more than two hundred 
years before the Christian era. Its invention is attributed to Ctesibius, the 
barber of Alexandria, already mentioned as the inventor of the lifting-pump. 
Wind-organs appear to have been little known until the eighth century after 
Christ, though perhaps invented some time before. We read that an instru- 
ment of this kind was sent to King Pepin, of France, in the year 757, by the 
Greek Emperor, Constantino. 

7^8. The Gamut. — Notes are said to be in unison when 
the vibrations that produce them are performed in equal 
times. 

Two notes, one of which is produced by twice as many 
vibrations as the other, are called Octaves. In passing 
from a note to its octave, there are several intermediate 
sounds, produced by intermediate numbers of vibrations, 
each of which the ear recognizes as a distinct note. These 
notes are distinguished by different names, as shown be- 
low. Assuming the number of vibrations producing the 
first to be 1, the relative number of vibrations producing 

tioned ? 746i How may musical notes be produced with a jet of hydrogen gas ? 
747. What is the grandest of wind instruments t What are combined in the organ ? 
What tones are added in some Instrnments ? How many pipes has the great Haarlem 
oi^n ? How long ago was the water-organ known ? By whom was it invented f 
When do wind-oi^ns appear to have first become known ? 748. When are notes 
said to he in unison f What is meant by Octaves ? Between a note and its octavo, 
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the other notes will be expressed by the fractions respeo- j 
lively placed below them, the number of the eightli note ] 
being, as already stated, double that of its octave. 
Names of the notes, CDEFGABC 

or, do re mi fu sol In >i do 

Pronounced, do ra tin J'ak lale lah it do 

No. of vibrations, lJ}tai-y-2 
These eight notoa coastitute the GFuuul, or Diatonic Seole. The no 
of the next higher octave bear the same relalioaa to each other, but are pro- ■ 
duced b; Tibntiona perfurtned in butf the time, and therefore twice ai 
merouB in each case. The notea of theoait lower octare again bear the same 
relations U> each other, but thou: vibrationa tabe twice tbe lime, and are there- 
fare uul; half as numerous. In otiier words, a giteu note of an^ octaie is 
prudui»d b; vibrationa twice as rapid as the aums uole of the next octave 
below, and unl; half aa rapid as the same note of the next octave above. 

749. Haemont. — Some notes, reaching the ear eimul- j 
taneoualy, produce iin agreeable impression in consequeni^ 
of their vibrations' frequently comeiding, and constitute 
what is called concord. Other notes, whose vibrations 
rarely coincide, impress the ear unpleasantly and produce 
discord. A combination of concordant musical sounds is 
called a Chord. An agreeable succession of musical sounds 
constitutes Melody. A succession of chords constitutes | 
Harmony. 

The most agreeable concord is that of the octave ; next, 
the fifth ; then, the fourth ; and then, the third. Thus, in 
the scale ^ven above, concord is produced when C is sound- 
ed with its octave C, and with the notes G, F, and E, 

750. The Human Voice. — The sounds of the human j 
voice, whether used in speaking or singing, are produced I 
by the vibrations of two membranes stretched across a j 
tube, which connects the mouth with the lungs. This tiibe 
is the wind-pipe ; and the u]ipcr part of it, which consists 

wbalDocnrf Namo tbe notoa by lettara. Givo tJi^fr otliornamca, ABuniiBgtho 
nnmbcr of vibrallons that prodncB C Iq ba 1. monHon the relsHio numbora that pm- 
duce the other notes. Wlut do Iboe eight ontos oaDttUntiil What relatlaii <lo tlia 
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of cartilage, ib called the Larynx. The larjnx is flattened 
at the top, and terminates in two membranes, ■which nearly 
close the passage, leaving between them a narrow opening, 
known aa the Glottis. These two membranes are called 
the Vocal Chords, and it is by their vibration, cansed by 
the passage of the air breathed out from the lungs, that the 
sounds of the voice are produced. Small muscles enable 
us to stretcb the vocal chords more or less lightly at pleas- 
ure, and also to enlarge or diminish the opening between 
them. By these means we produce notes of different pitch. 
To produce a change of note, we have only to make a di£ 
ference of 73*1 j of an m<^h m the length of the vocal chords. 



fig SM. 




Fig SM represents the glottis under difiei^ 
ent ciroumatances. The upper plnte showa it 
at rest b, b, repreeeots llie top of the lar;:!!, 
and e c, the vocal chords, relaxed so that the 
breath poBsiug through the opeoing mokeB m> 
The lower platfl showa the glottis iu the 



Mofen 






expelled from 



lug now tightly stretched^ a 
hj the air breathed out between them, o ia a 
paaa^e leading into the wind-pipe» which r&- 
maiDS open, hoireTer close to each other the 
chords maf be brought 

T 1 The Tocal chords arc shorter in boys 
and women than in men ; hence the voicea of 
the fbrmer are sharper or higher than those of 
thelMler When boya reach the age of 14 or 1^ 

.vu»i. ti,g Tocal chords rapidly enlarge, and the Toice 
is said ta change, — The more forcibly the wr is 

lungs through the wind-pipe and larynx, the louder ia the 



TSS. Eia Burpriaing floxihility ofToice enables man. to imitate almost ex- 
actly, not only the cries of birds and beasts, but also tbe Bounds of various 
muaicol instruments. This was shown by the performances of a hand of 
twdre Germans a short time since in tbe principal citii^s. Each imitated a 
different instrument with his voice, and so accurately, that (hose who heard 

u the membranes etrotchcil acnus the tnp o( 



volge dependt T52. What Is sidd of the flexibility ot the bumai 



} 



THE nUMAN VOICE, 
tliem oould hardly beliavo UiBj waro not liatening to an ii 

753. Ventriloquism. — Some persona by practic 
able to utter Eoande and words without moving the muscles 
of the face. When, besides this, by imitating the effect 
of distance, they can make the Bounds they produce Beem 
to come from some other object, they arc called Ventrilo- 
quists, The illueion is sometimes complete. 

AmuBiDg eibibitioDB of Tentrilnquiaio are often giren, in nbtcli lbs pep- 1 
roiiDer iniitatea to pcribcljon the bulling of bees, the grunting of pigs, Ills 
spitting of cats, the chirping of criokeU, the drawiog of Dorks, the gurgUnj; 
of liquids, the mcHuiiog of the wind, Die pnfSng of a locomotiTe, the ciy of a 
f QUDg infant, conrorsatiou Iwtneoa diSbrcnt parlies represented as approach- 
ing or reflediog, in difierent parts of Iho room, nniltir tables, &c._tt is gup- 
posed tlmt the priests of the ancieat oractes practised yeatriloquism, and 
IbuB made Ihoir responses appear to come from slirines, statues, Im. 

754. Stammei'ing. — Stammering ia a. defect in speech 
caused by the organs' not performing their respective parts 
in regular Buccesaion, A convulsive nervous action inter- 
feres with thdr operation. 

7o3. The difficulty in the case of doaf mutes does not 
lie in any imperfection of the organs, but proceeds simply 
from their deathess. Having never heard their own voices 
or those of others, they are utterly unable to appreciate 
sounds or adjust the organs properly for their articulation. 

760. Voices of the Inferiob A;«mals. — ^Man alone has 
the power of articulation. The inferior animals utter cries 
of different kinds, according to the conformation of the lar- 
ynx and the nasal cavities connected with it. Some of the 
cat's tones very closely resemble those of the human voice. 

The sounds of insects are produced in rarious ways, — by the nipid ribrft- 
(ion of [heir wioga, the rubbing of their minute boma against each othei; 
the striking of (heir organs on the bodies around them, &C. 

757. Thk Human Eab. — The human ear conBists of 
three distinct parts ; the onter ear, the drum, and the in- 
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ner ear. These parts and their connections are represented 
in Fig. 266. 

p. 2iiK, A A is the outer ear, which acts on 

the principle of the ear-trumpet, collect- 
ing the sound-waves and reflecting them 
along ihe pipe B to the membrane C, 
called the membrane of the tympanum, 
E is the tym^num or drum, bounded by 
the membrane G on the one side, and the 
membrane F on the other, and filled with 
air, which it receives from the tube D, 
TH» HUMAW xiA. commuuicating with the mouth. G, the 

inTier ear^ contains a number of ducts, and is filled with a liquid in which 
Mie acoustic nerve floats. 

The sound-waves transmitted fit)m the outer air cause the membrane G 
to vibrate C excites vibrations in the air confined in the drum, and this in 
turn causes F to vibrate. The liquid in the inner ear receives the vibrations 
from the membrane F, and transmits them to the acoustic nerve, hy which 
thej are conveyed to the brain, and the sensation of hearing is produced. 
When a person takes cold, the tube which connects the drum with the mouth 
is apt to be obstructed, and temporary deafness is the consequence. 

EXAMPLES FOB PBACTTCB. 

1. {See § 724.) If the air were perfectly still and uniform in density, how would 

the report of a musket heard by a person 50 feet off compare in loudness 
with the same report heard at a distance of 250 feet? 

2. A cannon is heard a quarter of a mile off with a certain degree of loudness. 

How far must a person be removed, to hear it with only Vioo of its former 

distinctness ? 
8. {See § 726.) How far does sound travel through air, at a temperature of 

60* F., in 10 seconds ? In 20 seconds ? In one minute ? 
L How much faster does the sound produced by the discharge of a cannon 

travel, than that produced by the snapping of a whip ? 

5. {See § 726.) I see the flash of a cannon two seconds before I hear its re- 

port. How far is it off ? 

6. A clap of thunder does not reach the ear till four seconds after the accom- 

panying flash is visible. How far off is the thunder-cloud ? 

7. A thunder-cloud is distant about one mile. How many seconds will elapse 

between the flash and the clap ? 
\ {See § 727.) About how many feet will sound travel through water In 10 
seconds ? Through iron ? Through wood ? 

757. Name the parts of which the baman ear consists. With the aid of Fig. 265, 
point out the different parts, and show the operation of the oi^an. Why is tempo- 
rary deafhess produced by a cold f 
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ELEOTRICITY. 



IBB. If a dry glass tube or a stick of sealing-wax be 
rubbed with a pece of Saniiel, and then held ii short dis- 
tance above some shreds of cotton, they will be instantly 
attracted to it, and after adhering to its snrface for an in- 
stant again thrown ofE A peculiar odor is perceived ; and 
the face, when brought near the glass or wax, feela as if a 
cobweb were in contact with it. If the tube or aealing-wai 
be presented to a metallio body in a dark room, a apark, 
accompanied by a sharp cracking sonnd, will be seen dart- 
ing from it to the metaL 

The force thus developed by friction in called Elec- 
tricity. The body in which it is developed is called an 
Electric, and is said to be excited or electrified. The at- 
traction exerted by the excited electric over light bodies 
\a called Electrical Attraction. The substance by whose 
friction the electric is excited is known as the Rubber. 

759. ELBCTEicirr as known to the Ahcibnts. — The 
term electricity is derived from the Greek word electron, 
amber, the property in question having been first observed 
in that substance. 

TbiJes, one of the nevea wise men of Greece, who flouriEhcd SOD years 
B. c, is Bnid to have discovered electricity in unber ; Thtvphrastns and 
Plicy, nt a. Inter date, Bpcat of the attrEction of amber fur leiives and Btraws. 
Both Pliny and Arulotlc irere acquainted with the electricid properties of the 
torpedo ; and we are informed thut a freedman of the Emperor Tiberiiia cureil 
bimaelf of gont bf the use of its shoelia. Tet the ancients appear to have 
kuown nalbing more than a Ibir laolated facta connected with the aabject; 
and as a acience Electricity had no existence till the conunencemBnt of the 



BBd a°aae the tenni imad la connectlDa wltb thli 
vstlon of thn tsnn llMricitg t Whit allosloas am 
.utlionr Whendldelectriclti'otlglasta u a Ml- 
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760. Xature op Electricity. — Electricity is now re- 
garded as a mode of force operating on ordinary matter, 
the molecules of which it polarizes, or arranges in a definite 
direction. It is convertible into the other modes of force, 
— heat, light, magnetism, and chemical action. 

Electricity, like heat, was formerly supposed to be an 
exceedingly subtile fluid residing between the atoms of 
bodies ; and, as a matter of convenience, the expressions 
electric fluids electric current^ and others implying a mate- 
rial existence, are still retained. In using these terms, 
however, we must remember that electricity is not a form 
of matter, but of force. 

Before the acceptance of the Dynamic Theory, as taught 
by Tyndall, Grove, and others, the two leading theories 
respecting the nature of electricity were Du Fay's and 
Franklin's. 

Du Fay's Theory. — ^Du Fay, a French philosopher, held that there are 
two distinct electric fluids (named by him Vitreous and Resinous), each of 
which attracts the other, but exhibits repulsion among its own particles. 
That in their natural state these fluids pervade all bodies in equal quan- 
tities, and combining nullify each other ; that it is only when this quies- 
cent compound fluid is decomposed by friction, or some other agency, that 
electrical phenomena are exhibited. 

Franhlin^s Theory,— "Dt, Franklin, whose views were onco generally 
received by scientific men, believed that there is but one electric fluid, of 
which every body in its natural state possesses a certain quantity. That 
no evidences of the existence of this fluid are observed as long as a body 
retains its natural quantity ; but, when it has either more or less than this, 
it exhibits certain phenomena and is said to be electrified. When over- 
charged, a body exhibits the phenomena displayed by glass when excited 
by flannel, and to such an electrictd condition Franklin applied the term 
Positive ; when deprived of its proper share, its phenomena are the some 
as those of excited resinous substances, and such an electrical state he 
called Negative. When a positive and a negative body are brought into 
communication, the former shares its superfluous electricity with the latter, 
till equilibrium is established. Du Fay made the difference between the 
two electridties to consist in quality ; Franklin, in quantity. 

761. Sources of Electricity. — ^Electricity is devel- 

ence ? 760. Whit is electricity now thought to be ? Into what is it convertible ? 
What was It formerly supposed to be ? What two theories respecting the nature of 
electricity formerly prevised f Givo the substanco of Da Fay^s theory. Of Franks 






ELECTRICAL ATTEACTION AND 

opcil — 1, Byfrietion. 2. By clicmical action. 3. Bymag- 
nutifim. 4. By heat. 

Electricity dereloped by Friction. 

763. Friction ie one of tlic coinmoneBt sources of elec- 
trical exeitemeut. Every one has noticed how his hair 
crackles niider the comb in frosty weather. The same 
Bound is heard on atroking the back of a cat, and if the 
room ia dark sparks may be drawn from its fur. 

A etrlking example of the eiiuling power of friotioQia often nffordod in 
fiiotoriefl. The endless baudB by their ftiction on the whoals develop elct- 
trioitj in groat nbundanoe, sometimos yieldjag aparka itt a distaooii of two 
or three feet. In the oardiog-rooms of cotton-millB, fibrea of oottou are 
kept dancing to and fro by ultomate Bttractiona and repulaions, bo that 
Iteam luu to be let ia from time to tima to dIsBlpato the electric fluid. 

763. Ei.EcrEiCAL Aitraction and Repuision. — ^We 
have already noticed the alternate attraction and repulsion 
of shreds of paper, cotton, and similar sab- Fi&m 
stances by excited electrics. These phenom- 
ena maybe further exhibited with the appa- 
ratus represented in Fig. 266, which consista 
of a pith-ball suspended from a pillar by a 
long silken thread, 

JEi^eriment 1. — Kubftglosstubewxth flannel, and pro- 
seiil it to the pith-boll ; tho latter will bii Instantly attracts 
od to tho tube. After thoy have remuned in contact an 
inatont, the ball will bo thrown off. If Wa now present 
the tube a second time, tho baQ, ineteiul of bfing at- 
tracCod, will be repelled. After touching tlis ball with 
tho finger, to daprlTO it of the eleotrioity it ban received 
from the tube, repeat tho eiperimont with nn excited a tiik 
of BEaling-wax, and the same phenomena will be eshib- 
itcd,— that is, the ball will at firat bs attracted, 
but on the aeoond appUciUJon of tho wax win be 
repelled, Wofliid,tt)on,— l.ThatbotbthoglaBB 
and tbo Boaling-wwc Dttnet the ball before thoy have imiMirted to it any 
of their own eleotrioity. S. That, after ao doing, lliey both repel Iha ball. 

Iln's. TBl.BrwlmiaalMtrltltydeTelopod! tfO. What (ammar inslan™. are men- 
Uiiand ortbu [inKluctlon of clectridlj-bf friction! WhatBtriklngeiuupIoliafflirdecl 
111 frMJloriDSt TOa.WlialdiMFlg.SearuprcMnl! Wbat maylt boaMj totlliutrato! 
Dc««rttie tli9 first ssperimeDl with Urn plth-bilL What tno bets ara ahawD by Uili 
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Bxpm'imeni 2. — Suspend two pith-balls from a pillar by silk tlireads, and 
present to them an electrified glass tube or piece of sealing-wax. They 
^g. 267. will both be attracted ; but, on withdrawing the elec- 

tric, instead of hanging vertically, they will repel 
each other, as shown in Fig. 267. 

Ex^periment 8. — Excite the glass tube, present it 
to the ball represented in Fig. 266, withdraw it after 
a second or two, and then present the excited sealing- 
wax. The ball, instead of being repelled, is now at- 
tracted. Beverse the experiment by presenting first 
the excited wax and then the glass, and the latter in 
like manner will be found to attract the balL 

764. From these experiments we con- 
clude that there are two kinds of electri- 
cal excitement, which may be distin- 
guished as Positive and Negative. We may lay down 
the general law that svbstances charged with opposite elee- 
tricities attract each other j while those charged with like 
electricities repel each other, 

765. Why the electricity of one body when excited is 
positive, and that of another negative, we can not tell. 
There is no law by which it can be determined, before ex- 
periment, what kind of electricity a body will exhibit. In- 
deed, the sime body exhibits different kinds when rubbed 
by different substances. Thus, polished glass is positively 
electrified, when excited with flannel, but negatively when 
rubbed on the back of a cat. Rough glass is negatively 
electrified whin rubbed with flannel, but positively when 
excited by dry oiled silk. 

766. Electriv^/ity is confined to the surface of an excited 
body ; it does not extend to the interior. A hollow ball 
may therefore contain just as. much electricity as a solid 
ball of the same size. 

767. Positive electricity is never produced without 
negative, or negative without positive. 

IT ■ ■ 

experiment? Describe the seoolid experiment. The third experiment 764. What has 
been Inferred fVom these experiments f What general law may be laid down ? 765. 
Why is the electricity of one body positive, and that of another negative ? What is 
Bald of the electricity of a body when nibbed by different snbstanoes? 766. In 
what part of a body does its electricity reside f 767. By what is the production of 
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^V Wlien a gloas tube is cicitcd, the ra'bber in Degstirely electrified ; nnd 

^M praitivKl;, nbea seBling-nai ia excited. This may be sbavu bj appl}ing 

^V tlie rubber to a pith bull charged with the eleclricitj which it has excitul 

^M either in gliuti ur seiOiDg-vrax. Tbe bail ia invBriubly uttrncteil. which ahowfl 

H that tbe electricity uf the rubber i^ opposite to that of the eloclric it has ei- 

I 
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■ Ni 

I ri< 
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768. EuECTBics ANT NoN-ELECHBics. — All bodies can be 
electrified, but not with eqnal facility. Those that are easily 
excited, are called Electrics ; those that it is hard to excite, 
Non-electrics. The metals generally are non-electrics. 

769. CosDucnoN of Elkctkioitt. — ^If we touch the two 
pith balls represented in Fig, 267 as repelling each other 
(because charged with the same electricity) with a glass 
rod, tliey will continue to repel each other; but, if we touch 
them with a metaUic rod, they will fall and hang vertically. 
Tliis is because glass docs not .draw off their electricity, 
while metal does. Some eubatances, therefore, conduct 
electricity, while others do not, 

Subatancoa tliat transmit electricity freely are called 
Conductors ; those that do not, Non-conductora. 

Ab a general thing, tbe DOU-electrioB are cooduetors, and tbe electrica oon- 
conductura. Some of the chief conductors are tbe metals (ailrer aud copper 
mnking among the beat), Gharcoal, water, iiaaw, living snimnls, Sumo, smukc, 
and ateam. Among the principal non-conductors arc gntta pcrcha, Bhellac, 
amber, the reains, anlphar, glues, Iraneparent gema, silk, wool, hair, feslh- 
em, dij paper, leather, baked wood, sir, and gases generally. 

Good conductors, when bniaght in contact with eicitcd bodies, at Once 
draff oS their electricity, and transmit it to all parts of their own surface, 
hDweTcr extended. Bad conductors, on the other hand, receive electricity 
alowly, and diffuse it DTer their own surfaces no less slowly. A good cuu- 
duclor connected with the earth or a body of water, does Dot for an iustant 
retain electricity communicated to it, but merely serves as a highway fbr its 
passage to eitber of those media. 

110. JtisulatoJ-s. — The best non-conductors are called 
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Hncoict genaraDy bfllong I To whicli, tio non- 
r wnductara Boms of the principal nun-oon- 
&a p>od -oonductDra an'l bad oonduetur^ wlien 
s. Wlut [B ssiil of euoi nmdiiDtora mmaeiited 
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Insulators, because they insulate electrified bodies, — that is, 
cut off their communication with such objects as would 
withdraw their electricity. The air is an insulator ; were 
it not, no substance could remain electrified for an instant. 
When insulated, an excited body retains the electricity 
communicated to it, and is said to be charged. The pith 
ball in the experiment described in § 758 was insulated by 
the silk thread. Had it been suspended by a wire, the 
metal, being a good conductor, would have withdrawn 
the electricity from the ball as fest as it was received, and 
none of the phenomena that followed would have been 
exhibited. 

Even when insulated, excited bodies will in time part with their electrio- 
itj. This is because no insulation can be perfect. — ^Air, when imbued with 
moisture, acquires conducting power ; and hence in damp weather it is im- 
possible to keep an electric excited for anj length of time. Well insulated 
bodies, slightly excited, may be kept several months in a drj atmosphere 
without any perceptible loss of electricity. 

771. Path of an Electric Cuerent. — ^An electric cur- 
rent always follows the best conductor, and of two equally 
good it takes the shorter. 

772. Velocity op Electricity. — ^Various experiments 
have been made to determine the velocity of electricity. 
Their results show that electricity travels firom 11,000 to 
288,000 miles in a second, according to its intensity and 
the nature of the conductor along which it passes. In the 
case of the velocity last mentioned, which far exceeds that 
of light, and is so great as to be absolutely inconceivable, 
the conductor was copper wire. 

773. Electrical Machines. — ^The Electrical Machine 
is an apparatus for developing large quantities of electricity 
by the friction of a rubber on a glass surface. Two kinds 
of electrical machines are in use, known as the Cylinder 

with the earth or a body of water? 770. What Is meant by Insulators? Why aro 
they 80 called ? Give an example of an insnlator. When is an excited body said to 
be charged t Give an example. How is it shown that no insulation is perfect ? 
8how the difference in conducting power between dry and damp air. 771. What path 
Is always taken by an electric current ? 772. How great is the velocity of electricity ♦ 
77a What is the Electrical Machine? How many kinds of electrical machines aro 
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EI^CTKICAL MACUINES. 



and the Plate Machine, — a glass oylkider being ueed in the 
former, and a oircuiar plate of glass in the latter, 

EipeiimontB io electricity were origioBlly performed with a. glass 
tube mhbod vitli furor fliiBni.-1. Ottu Ouericke, tbe iarentorof ttieBir-iiunip. 
iToa Uie first to conlrirn s. muchiiio forderdapiagtho fluid mani abunduntly. 
It coDsislfd of a ^ol|o of sulphur, turned with a niuch, and subtnittud.to tha 
friclioa of Ihe hand. Kevrtnn Bubatitnled a glass globe for the aulpliur. 
About the middle of (be eiBhteenlh centnrj-, two further improvemeiila were' 
mado,— the use of a rubber inaCcad of tlie hand, and. the addition of a metal- 
lic eonductor, 

775. The Cylinder Machine. — ^In tho cylinder machine, 
represented in Fig, 2C8, electricity is developed by the frie- 
tioa of a rubber upon a glass cylinder, usually from 8 to 12 
inches in diameter, supported between two uprights of well- 
dried wood, and made to revolve by a couple of wheels, as 
shown in the Figure, or (as ia now generally preferred) by 
a simple winch attached to one etid of the cylinder, 

rig. 203, 




1} WbateoDstltoUuIhedlS'erDDDslletwiien Ch^mt TM. Willi 
luDti Id clantridty ntlglniilljr ]iBrn>mifli1 J Who Bret nonlrlveil an uloctrlcal ma- 
I Deiaribe Gusrleke'i sppBmtus. WhBC ItnpruveiuQut did Ni 
VLat ImproicmanU were made about tlio midille uf the eJ^ihlseoth euatnry! 
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A is the cylinder. The rubber, B, is a leather cushion stuffed with horsa 
hair, and set on a spring which makes it press equally against the cylinder 
in all parts of its revolution. The intensity of its pressure is regulated bj 
a sliding base-board, H, which can be moved by a screw towards or from 
the cylinder. Connected with the back of the rubber is the negative eon- 
dudoTf Ft a hollow metallic cylinder, with round ends, insulated by a glass 
pillar.* On the opposite side is a similar metallic cylinder, C, insulated in 
the same way, and called the prime conductor. Attached to this ia a rod 
bearing a row of metallic points, E, like the teeth of a rake, projecting to- 
wards the cylinder and reaching to within a short distance of it. Several 
holes of different size are made in the upper surface of the prime conductor, 
to admit of the introduction of different pieces of apparatus used in experi- 
menting. To prevent the electricity from escaping in the air before it reaches 
the prime conductor, a flap of black silk, G (which is a non-conductor), ex- 
tends from the upper edge of the rubber, across the top of the cylinder, to 
within an inch of the metallic points. 

776. Operation. — When the machine is to be used, its parts must be per- 
fectly clean and dry. The rubber is rendei-ed more efficient by spreading on 
it a thin coat of an amalgam of zinc, tin, and mercury, mixed with lard. The 
screw must be adjusted so that the rubber may press with moderate force on 
the glass, and the prime conductor so placed as to bring the metallic points 
about an eighth of an inch from the cylinder. If positive electricity is re- 
quired, the negative conductor must be connected with the earth by a me- 
tallic chain. This done, the handle is turned. Positive electricity is soon 
developed on the surface of the revolving glass, and in the rubber negative 
electricity, which is carried to the negative conductor. The positive elec- 
tricity of the cylinder, on reaching the metalllo points, affects the prime 
conductor by induction ({ 806), and draws its negative electricity across 
the metallic points, while the positive electricity of the prime conductor is 
repelled to its opposite side. The negative electricity received from the 
prime conductor neutralizes the positive electricity of the cylinder ; but, 
as the rubber is constantly receiving fresh supplies from the earth through 
the conducting ohun, the process is kept up, and positive electricity is 
accumulated in the prime conductor, — ^not that the latter receives any from 
the cylinder, but because its own negative electricity is withdrawn. 

If negative electricity is wanted, the chain connecting the machine with 
the earth must be attached to the prime conductor instead of the negative 
conductor, and the required electricity can then be drawn from the latter. 

Water being a good conductor, if the air is damp the electricity is dissi- 
pated almost as soon as it is developed. This may be prevented by placing 
under the cylinder a small box containing a bar of red-hot iron. The radia- 
tion of heat from the bar keeps the atmosphere around the machine dry. 

775. How is electricity developed in the cylinder machine ? "With the aid of Fig. 268, 
point out the different parts of the cylinder machine. How is the electricity prevent- 
ed from escaping before it reaches the prime conductor ? 776. Describe the operation 
of the cylinder machine. If negative electricity is wanted, what .must be done ? 
What is the effect of dampnees on the working of the machine ? How is this ditfi- 
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111, When tho macliine is working, present yonr knuckle 
to tlie prime conductor; a epark, accompauied by a sharp 
crackling sound, darts to your taud, producing a pricking 
sensation. This is called the Electric Spark, Any conductor 
will draw off a spark ; but let a non-conductor, such as a 
piece of glass, be presented, and no spark will be received. 

778. The Plate Machine. — In the Plate Maohbie, a cir- 
cnlar plate of glass is used instead of a cylinder. Plates 
ail and seven feet in diameter have been employed, with 
such power that a spark from their immeusc conductore 
. is nearly sufli- *■'«. ao. 

cicnt to fell a 
mau to the eaith. 
Plate machines 
were the most 
powerful known, 
until the recent 
invention o f 
HoIz'b machine, 
which combines 
two glass plates, 
parallel and very 
near to each oth- 
er, and develops 
electricity exclu- 
sively by induc- 
tion {§ BOB). 

7ig. ses rapreacnta 
the platBiaaehinB. A 
A U tlie pinto, Bup- 
portod on an axis ~ 
twoGD t<ia uprights / 
and turned by tho 
linndlaD. Tho platB 
U proaflod liy two pair of elsslio rubbsrn, f^tanod ic 
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tbe upr[f;bt ci 
huidle D, tbe 



conductor, whici 
B, C, proTii 



three long braaa tubes joined at 
O^iposite the centro of the jilatc, 
of leeth, eitond on ench Biiiu from 
□iBcle to revolve bj meana of the 
caae of the cjlinder mitchine. 
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779. The Insotjtino Stool. — ^The Insulating Stool 
coDsista of a platform of well-baked wood, supported on 
glass legs coTored with vamiah, A person ou the stool, 
brought in connection with the prime conductor of a mv 
chine by holding in his hand a chain proceeding from it, 
may be charged with positive electricity. Sparks may be 
drawn fi-om lua person, and his hiur, if fine and dry, will 
stand on end. If ho holds in his hand a silver spoon full 
of alcohol, another person not on the stool may set the 
spirits on fire by simply pre- 
senting his finger to it, and 
thus producing a spark. The 
insulating stool is used when 
el ectricity is meiHeally applied. 
780. The Dischaegek. — 
The Jointed Discharger, Fig. 
2T0, is an instrument with 
which an oper.itor can dis- 
charge a conductor without 
having any of the electricity 
pass through his person. It 
consists of a couple of curved 
brass rods, terminatingin balls 
at one end and at the other 
jointed and fixed in a socket, by which they are attached to 
a glass handle. Tbe glass, being a non-conductor, cuts 
off communication with the operator's hand. 

The Universal Discharger, represented in Fig, 271, is 
an instrument for passing a charge of clectiicity through 
any substance. Two wires, mounted on insulating pillars, 
are connected respectively with the positive and the nega- 
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TliE LKYDEN JAB. 

tive cMnductor of a maohiue. 
The subatanee to be operated 
on ia placed on a stand Le- 
t\reeE two balla at the ex- 
tremities of these wires, and 
thas made a part of the elec- 
tric cii'cnit traversed by the 
fluid when a discharge takes ^"' omvBUflii, t 

place. 

781. TnB Letden Jak, or Vial. — The 
Leydcn [li'-den] Jar is a ghiss tcbsqI used for 
accumulating' electricity. It is so called from 
having been first used at Leydeu, Holland, in 
the year 1745. 

The ordinary Leydcn jar (Fig, S7S) cOBgiats of a gloHB 
with tin-ibil, to wiOim 
about tbree mcbea of ila moalh. It is closed with a. drT 
farnlalied cork, tlirougli which passes a wire, tenojniLliug 
above in a bruas knob, uiid below iu ■ chain, which toucbea 
the inner coUing. If tbe kaob of such ajar beheld nithio 
liulf m inch of the prima conductor when a machino i« 
woiting, a HaceeBSioa of sparks will paas to the koob In 
a abort time they coaso, imd the jar is then snid to be "-"""^ '^'^ 
; connected with the kuob^ is ehiirgi^d with poBi 
□Qgatire eluctrioity, which iiro prercuted from 
uniting by the Don-conduatlng glass between tbem. 

If a person now graap the outalde of the jar with one band, nod tonch the 
knob with the other, he will erperieQce the peculiar aensation cnllud ' tho 
electric shock ", in his amu, and if the jar is large, through hia cheat. If, on 
the other hand, he apply one ball of the jointed discharger to the miter coat 
and the other to the knob, the jar will be diacharged withOQt hiafocling any- 
thiug, beouue his communication with the jar is cnt off by the giasa handle. 
A body through which a charge is to be sent must form port of the circuit 
between the Inner and outer coaling of the jar, so tbut a uoiou uf the positire 
and negative eleotrioity can not take place without pasBing thjougli it.— 80 
much elootrioity is Boraetimes aooomnlnted in a jar that a discharge tokea 
plooo through the gloss, making a hole in it acd rendering the jur nseless. 
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Anj number of persons may take a shook at once. Having joined liands 
in a cirole, let the person at one end take hold of a chain connected with 
the outside of a jar, while the one at the other end touches the knob with 
a pieoe of wire. The painful sensation experienced when a shock is tak- 
en, is caused by the resistance which those parts of the body that are im- 
perfect conductors offer to the molecular changes that electricity produces. 

782. An interesting incident is related in connection with the experiments 
that led to the invention of the Leyden jar. Prof. Muschenbroeck, of Ley- 
den, observing that excited electrics soon lose their electricity in the wr, de- 
termined to see whether he could not collect and insulate the fluid in a vessel 
of non-conducting glass, so that it might be kept locked up, as it were, ready 
for use. Accordingly, he introduced a wire from a prime conductor into a 
bottle filled with water. After the machine had been working some time, an 
attendant, holding the bottle in one hand, attempted to withdraw the wire 
with the other, when he of course received a shock, — so unexpected and so 
unlike any thing he had ever felt before, that it filled him with consternation. 
Muschenbroeck himself subsequently took a similar shock, which he de- 
scribed in a letter to a French philosopher. He says that he felt himself 
struck in his arms, shoulders, and breast, so that he lost his breath, and it 
was two days before he recovered from the effects of the blow and the fright. 
He would not, he adds, take a second shock for the whole kingdom of France. 

783. The Electrical Battery. — ^When a very heavy 
charge is required, a number of jars, coated in the usual 
way, are placed in a box lined with tin-foil, which forms a 



Fig. 278. 
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communication between their out- 
er coatings, while their knobs and 
consequently their inside coatings, 
are connected in the manner rep- 
resented in Fig. 273. From its 
powerful effects, such a combina- 
tion is called an Electrical Battery. 
By bringing one of the knobs in 
connection with a prime conductor 
all the jars may be charged as readily as one, care being 
taken to connect the outer coatings with the earth. The 
battery may be discharged in the same way as a single jar, 
but the operator must not let the charge pass through his 

What Is the conseqaence if too mach electricity is accumulated in a jar ? How may 
any number of persons take a shock at once ? By what is the painful sensation of aa 
electric shock caused? 782. Belato an incident connected with the invention of the 
Leyden jar. What did Muschenbroeck say of the electric shock ? 788. Describe the 
Electrical Battery, and its mode of operation. What effects may be produced by the 
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person. The shock of a powerful battery will kill a man 
and fell an ox; even moderate discharges prove fetal to 
birds and the smaller animals. 

784. Experiments with the Electrical Machine. — 
With the electrical machine and different pieces of appara- 
tus that accompany it, a variety of experiments may be 
performed, 

785. Electrical -SeZ^s.— This apparatus (Fig. 274) il- Fig. 274 
lustrates electrical attraction and repulsion. Two bells 
are suspended from a frame, with a brass clapper be- 
tween them. One of these bells having been placed in 
connection with the prime conductor and the other with 
the ground, the machine is worked ; when the former 
becomes charged with positive and the latter with neg- 
ative electricitj. The clapper is attracted to the posi- 
tive bell, strikes it, becomes itself charged by the con- 
tact, and is repelled till it strikes the negative bell. Its 
positive electricity is there drawn off, and it falls back, 
to be again attracted and repelled. The clapper is thus ^^ 
made to strike the bells alternately. 

786. ThA Electrical Seesaw. — The Electrical See-saw 
(Fig. 275) operates on the same principle. A brass beam, with a light figure 
on each end, is suspended on an insulating pillar, in such a way as to allow 

its extremities to move freely up and „, „„ 

J m . !_ 1, Fig. 275. 

down. Two brass balls are sup- 
ported at opposite sides of the stand, 
not far from the ends of the beam, — 
the one on a glass pillar, the other 
on a metallic rod. The insulated 
ball is connected with the inner 
coating of a Leyden jar, and the 
other with its outer coating. No 
sooner is the jar charged than the 
figure near the insulated ball is suc- 
cessively attraeted and repelled, and 
this causes the beam to teeter. In 
the same way motion may be com- elkcteical see-baw. 

mynicated to a figure swinging, a floating swan, an insect suspended in the 
air, &c. 

787. Dancinff Images. — On a metallic plate supported by some conducting 
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shock of a poworftil battery 9 7S5. Give an account of the experiment with the Elec- 
trical Bells. 786. Describe the Electrical See-saw. To what may motion be com- 
itiunicated on the same principle f 787. Give an account of the experiment with the 




iduch 



kind, thej irill repel each other 
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■ubtUucc, plice MTeral light Ggnna of pitli oi 
paper, tad lliree or four iuches abate them au>- 
pcnd uiather plate from the prime conductor. 
As BooD u Ihe machine is worked, the figorcB 
will rise aad dance up and dova from one plate 
to another in a ludicrous manner, M shown io 
Fig. S7e. If the lower plate ia insulated, when 
thej rrtum to it after huTingbeen drawn op, th« 
Burplua pOBitiTe olectrid' 
tj can not escape, and 



788. Divfrginij TliTfoda. 
— Figure 277 represents 
twentj fine linen threads, 
eight or tea inches long, 
tied together at each end. 
:h them to a prime 



Ftg.!7T. 
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TS9. The EUdrifi^d Head.— Oa Ihe same prin- 
ciple a head of hair ifl made to stand grotesque- 
ly on end, as ihonn in Fig. 278, by filing the 
wire to which it is attached in one of the holes 
of a prime conductor. The hairs are charged 
with electricity of the same kind, and are there- 
fore in a state of mutual repulaioo. ng.aT8, 
Draw off the fluid by presenting a 
knife-blade, end thej at once fall. 

790. The EUdriaU Poti.— Suspend 
from the prime conduclor,b; a chain, 
a pail with a small hole in the bot- 
tom, and fill it with water. Before 
the machine is worked, the water falls 
from the hole drop by drop ; but, aa J 
soon as the water is charged with elec- / ^ 
*"*' tricity, it flows out in a stream, which HBjH 
be of fire. This is owing to the repulsion ^^0 
by charging them with the same ^j^ 



In the dark 

eidted in the particles of wi 

electricity. 

791. Tlit Aurora Tube, — This apparatus shows the phi 



es. W)iy 4o the Imsges ceaso to move If th 
■a Fig. anropreeentf What takaa place w 
me Doudaetor r IS9. Describe the eipeiimi 



uwer plate Is Inauliledt 
q these threadfl are at- 
with tbe Head ot Balr. 
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wiien electricity passes through a, Taouum. It is 
a glasa tube, from two to three feel long, surmounted by a 
brass balL This ball is Buppofted ou a wire, wbich passes 
into tbe lube through its air-tight top, and terminatea a 
short diatauce below in a puint. lasida of tbe tubs, ueiir 
lother brass ball supported on a wire. The 
lower part of the tube is arrauged eo that it can bo Eilcd 

cock. Baling thuronclilj dried and warmed the tube, ex- 



it by n. 



ir-pump ; 



bring tbe upper batl in < 
duclor. As Boon as the machine is worlied.'the whv\e 
leugtb of the tube is filled with a continuous etreaiu of 
Tiolet tight; which, on a small scale, atrikinglj rcaciiihlea 
the Auroru Boroalis, or Northern UghlB. TliiB is & lumi- 
nouB appcaranoe often viaibla in the north on clear nud 
frostj Digbts, and peculiarly Tirid in high iDtitudel. It is 
Boppoaed that the Nopthem Lights ara produced by the 
passage of curreuta of elootriclty through strata of bigbly 
rarefied air. 

792, Xwnw'nowa Words. — When the con- 
tinnity of a conductor is hroken, a spark darta 
from one part of it to another. Taking ad- 
Tantago of this feet, we may pcrfona a vari- 
ety of espuriments, which in a dark room have 
a Btriking effect. 




of glass paste 



the spaces may form letters, aa 
BhuWD iu Fig. m. Connect the 
first piece of foil with the prime 
conductor, and Ihu last with the 
ground. When the machine is 
worked, sparks will pass between 
a different diriaions of the foil, and the letters cousaquently appear like 

to Ml T im. DMOrtbo tto Biperimont with the Eloctri- 
ster to fli^w mofo ropirlly whon the michtUH Is wqrto.n 
AaroraTahor Of what d«ea Itcouetstr Describe the 
,t Is It supposed that Iho Northom Lights iro producad J 
m. What takes phwe when Ok contlnuii/ of a coodnetor Is brofcun f By taking ad- 
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characters of fire. — Serpentine and spiral lines of light, and other beaatifiil 
appearances maj be produced, by arranging spangles on glass in the de- 
sired form about one-tenth of an inch apart, and subjecting them to the ac- 
tion of the machine. 

793. The Electrical Pistol. — The electric spark may be 
made to explode a mixture of hydrogen and common air. 
In this experiment the Electrical Pistol (Fig. 282) is em- 
ployed. 

ri g. 282. ^ The barrel of the pistol is of brass. 

Where the trigger is usually found, is a 

short ivory tube, which insulates a wire 

passing nearly across the barrel, and ter« 

THK KLccTRicAL PBTOL. miuatiug on the outside in a ball. Hold 

the mouth of the pistol orer a stream of hydrogen gas, and when enough has 

entered, close it with a cork. On passing a spark through the barrel from 

the extremity of the wire to the opposite surface, a loud report will be pro« 

duced, and the cork will be discharged with considerable force. 

y^794. Mbchanioal Eppbcts op thb Passage op Elec- 
TEiciTY. — ^A pointed conductor receives and parts with 
electricity much more readily than one with a spherical 
surface. Hence, in electrical machines, points connected 
with the prime conductor are brought near the excited 
glass, while the prime conductor itself is cylindricaL 

Fix a pointed rod on the prime conductor, and a silent 
discharge will take place from it as long as the machine 
is worked. In this case, the prime conductor can not 
accumulate enough electricity to give a spark. In a dark 
room, the discharge from the point is made visible in the 
form of a luminous brush. A disturbance is produced in 
the adjacent air, which may be felt if the hand is brought 
near the rod, and is sometimes strong enough to blow out 
a candle. No such phenomena occur near the surface of 
the conductor or a ball attached to it. The point parts 
with its electricity more readily, charges the air in contact 
with it, and repels it when charged, as in the case of the 
pith-ball, — ^thus causing a constant current from the point. 

vanti^fc of this fact, what heautiftil experiments may be performed ? 793. For what 
is the Electrical Pistol used? Describe this instrument, and thd.tfEperiment per- 
formed with it 794. Why, in electrical machines, are metallic poiiitt connected with 
the prime conductor brought near the excited glass ? Why is the prime condnotor 
itself cylindrical f With what experiments is the silent discharge from points illos- 
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IBB. TAt Phoiplionu Cup.— An 
foterMling eiperimonl, Bliowing 
the poaaago of sn electric 

beperTonDCd wilbtheappi 



id in Fig. 









ir of brass wires 

having their CDds 
bent at right anglea in the 
Hame direction. Poise tho 
flyeron anire iascrlcdin the 
prime condnclor, and work 
the maohiao. A dlBohnrgo 
tnttes plnoB from oacl 
hich tho 





aa the PhoBphon 

cups insulated oa gloss pillars arc 
placed at tho ssme height, about 
two inches apart, with a lighted ooD- 
dlfl midway between them. Tho 
cupa, being each prorided with n 
piece of phoaphoraa, are connected 
oodoctor, and 
the other with the negative conductor, of a powerful machine. When the ma- 
chine ia worked, the flame sets in the direction of the negative cup, towards 
which it is carried by a ourretit of ur cliarged tiom the opposite cup, snd 
then repelled. Tho piees of phoaphoroa in the Dcgativocup ia aoon sot on 
9re by the Same, whilo tlio pieeo in the positivo cup remains onignited. 
By reversing the caoneolions with the machine, the opposite reaulta may 
Lio produced, the flamo being Blwsya carried towards the oi 
with the negative conductor. 

796. When electricity paasos off from a pointed con- 
ductor, the reaction may be made to turn a wheel, and 
thus set delicate machinery in motion. To cxliibit the e 
fects of this reaction, different pieces of appai'atnn have been 
const rncted, among 
which is the Electri- 
cal Flyer. 

Ti* ElmtHcal Flyer.— 
Tho Hectrical Flyer 



latlon t How Is tblt nisctloo diuwu F 
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WTioQ ihe room in darhonod, the points beiroinB Inrainoua, and a drdle,^ 
ftre seems to ba formed ns tliey revolva. J 

On Ibe 9Bme principle, horaemen (mounted on the «ida of Ihe fljer) n>^ 
1)D made (o move in a circle; wheels muj be turned, the sails of n windnuU 
Bet in DiotiOD, and a. light body made to ruU up an inclined plane. 

VS7. The Thunder Umiee. — The power of electricity, as 
a mechanical agent, may be fiirther illustrated with an in- 
geniouB apparatus known as the Thunder House. 

Fig. 385. ^''^ Thunder House oonsiats of ■ piece of baked 

_ miihogsuy, B D, sbupud like Iho gable of a henae, nod 

. * attached to a stand. Down the centre runs a wire, C, 

I T terminating obiiTe in a ball, A. Several sqnare pieces, 

/ \ D,F,Hbontone-fonrthofaQinchthick,»re ontontof 

\ the gable, and placed looselj in tho holes irwa whicb 

!>■ r Iheyurecut. Across each square passes a wire in such 

B \ a direction that by inserting the squares one way we 

I bure ao nnintermptfd line frum C to E; hut putting 

T duclor at D and F. Connect the end of the wire, E, 

ul witli the outside of a Leyden jar; and, having inserted 

==- ■'■■• square so that tho cenduiting line may be un- 

icn, pass a charge through the wire by connecting 
the ball A with the inside of the jar. A report will be 
j^^_^^^ but neitheroflha loose pieces will bo displaced. 
Now let one of the pieces remain in the same position, and place the other 
crosswise; then, on passing a powerfnl charge through the wii'e, the Ibnner 
will remain undistarbed, while the latter will be thrown out of the gable by 
(he mechanical action of the electriolty in poaning the break. 

798, Among the mechanical effects of an electric dis- 
charge may be mentioned the pei'foration of thin non- 
conducting subBtancGS, such aa a card or a piece of paper. 
Glass one-twelfth of an inch thick may be pierced by a dis- 
charge from a powerful b.attory, 

799. The Ei-botkic Spabk. — The color of the clectnc 
spark varies according to the medium through which it 
passes. In ordinary air and oxygen, it is bluish white ; 
in rarefied air, violet, in nitrogen, a purplish blue; in 
hydrogen, crimson ; in carbonic acid and chlorine, green. 

FljEf. Wlmtlitlieelftcl or darfcenlng the riiomt T« what may motlnn b» oom- 
mnDluted nn Ibe prlnelpla of the Uyer ? TRT. What apiuntiia rurtbor llluilraWi the 
mpclianlualpowerofBlootrtdly? Deactlbo Iho Thiindef lloii8a,and tlia ciporfmiiBt 
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The length and intensity of the apart depend on the 
electrical intensity of the body from which it proceeds. 
Sparks may be taken from the prime conductor of a pow- 
erful machine at a diistance of more than two feet. In a 
given machine, the positive conductor yields much more 
powerful sparks than the negative. 

800, Ignition hy the Electric Spark, — Inflammable sub- 
stances may be set on fire by the electrio spark, as is ehowa 
by several experiments. 

Stand on the inaulatiug aloot, touch the prima conductor with one hnad, 
and troai the other trauBmit a«]mrk to u bnrner from which a current of gaa 
ia iaBuing, — Uu> gas will be ignited. In houses thurouglilj dried b; furnace 
hiiit, perBOQB, b; aimplj runniug OTcr the curpct, biive been sufUcientlj- 
ehnrged with clntricitj to light gua with a spark frDm the finger. — Present a 
candle just eitinguished, with its wick still glowing, to s prime conductor, 
BO that a spark mnj pus throagh the snuff' \B the candle, and it will be re- 
lighted.— A person on an insulating stool charged with eloctrioitj may got 
file to a CDp of ether b; preaentlng to it an icicle, through which the spark 
ia transmitted, — With a. suitable apparatus, a fine wire may be melted by 
sending through it a cbargo from v. powerful battery. 

801. Tin FUdfiatl Fire Sitwu. ^,^ ,„ 
— Itonin may be ignited with the 
apparatus known as the Electrical L, 
FireHouse(Fig.286). Brass wires, 
inaulDlcd bj being enclosed in 
gloss tubes,enter the opposite sides 
of the bouse, and terminate on the 
inside in two knobs, B, C, a slutrt 
distance apart. Tbese knobs are 
loosely coTered with tow and 
sprinkled wtlh powdered rosin 
When a charge is passed team A 
to D, the roBin ja ignited, ani] the 
flame seen tlirongh the wlndons 

gives tbe iioase the appearatioe of tue kuctgicil rms 

being un lire. 

802. Afparatut for f.rinfi G^mpowder. — This apparatus ci 

1b IU eolor Id ordlniiy sir sod oiygei 

gunt In ou-boalo acid and chlorine r 

depood on T At what dialanca bsvo sparks bean 

Ituw do ths Bparb rrum lbs pusttlre oonduelflr o 

cf aoo. What Is tba am.'ct of the slectiie a] 

ore this with eoveral expcrlmenla. Wlint \s tbe efleot of MGiIiHg 
•harge tliroughallaii wirer SOI. Describe the Eleclilml Fli ~ 
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insulatmg glass pillars fixed in a stand, 
to one of which is attached a wire termi- 
nating in a ball, to the other a woo9!en 
cup for holding the powder. The chains 
e, d, being connected respectiyelj with 
the inner and outer surfiEuse of a Leyden 
jar, a spark is made to pass from ft to A, 
which ignites the powder. 

803. The Electrophohus. 
— Small quantities of electricity- 
may be accumulated with a sim- 
ple apparatus known as the Electrophorus, which to a cer- 
tain extent answers as a substitute for the electrical 
machine. 

The electrophorus consists of a cake of a resinous mixture 8 or 10 inches 
in diameter, and a somewhat smaller plate of metal with a rounded edge fmd 
a glass handle, by which it may be raised without drawing off the electricity. 
Excite the resinous mixture with fur, and placing on it the metallic plate, 
touch the upper surface of the latter for an instant to let its negative elec- 
tricity escape. Then raise the metallic plate by the insulated handle, and 
on presenting a conductor a spark wUl be given. Place the metallic plate 
again upon the rosin, and on raising it another spark may be withdrawn. A 
Leyden jar may thus be slowly charged. Left on the rosin, the metallic 
plate will remain charged for a long time, and may be conveniently used as 
occasion requires in experimenting. 

804. Electroscopes. — ^Electroscopes are instruments 
for detecting the presence of electricity, and determining 
whether it is positive or negative. They appear in various 
forms, — ^the simplest being the pith ball suspended by a 
silk thread, represented in Fig. 266. The attraction of the 
pith ball in its natural state by any substance presented to 
it, indicates the presence of electricity in the latter. When 
the pith ball is charged with positive electricity, its attrac- 
tion by any substance indicates negative electricity in the 
latter, and its repulsion positive. When the pith ball is 

periment performed with it 802. Of what does the apparatus for firing gunpowder 
consist ? 803. With what may small quantities of electricity be accumolated ? Of 
what does the Elcctrophoms consist ? How is it worked? 804. What are Electro- 
scopes ? What is the simplest form of the electroscope ? How is the presence of elec- 
tricity in any substance indicated? When the pith ball is positively charged, what 
Joes its attraction by any sabstonce indicate ? What, its repnlaion f When the pith 
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charged with negative electricity, ks attraction by any Bnh- 1 
st^oe indicates poative electricity in the latter, ita repul- 
eion negative. 

805. Ei^OTKoscETEns. — Elcctrometera are 
instruments for measuring approximately the 
quantity of electricity in a given conductor 

r other body. Electrometers, more o 
senfiitiv^ are made in dlfieront forms ; one of 
the simplest ia the Quadrant Electrometer, 
shown in Fig. 288. 

A Bkndcr iTorj roii, with h pith ball nttaohed to ila 

ver end, ia guspeoded rrom a noodan pillar so sb io 

iug ft^elj like a pBudulum. The pirot oa which it 

ma !■ the centro of a Heminironlur scale attached to the 

Xai; and the whole appnrstas terminatea in abroas pin 
which may be inserted in the lop of tt prime canductDC 
The greater the quantity ot electricity in the latter, tha 
farther hota the pillar the pith ball will awing,— and this 
distunoe is indicated by the accde. 

Ilecthioal Induction. — ^An electrical atmoaphero I 
surrounds every excited body. An insulated conductor I 
situated within this atmosphere becomes excited, and wbea 1 
thus affected ia said to be electri- 
fied by indttction. The phenom- 
ena of electrical induction are con- 
stantly exhibited. 

SOT. Ekotrical induetion ia illuatrated with 
Ibfl apparatus repnuCDlfid in Fig. 2d9. cadis 
ft brass cylinder with rounded enda, insulated 
on a ^asa support and furnished kt onii ex- 
tremity with a pith ball electroscopfl./. On 
bringing the end d within a few inehea of a 
prime eondnctor, the pith bulla, which be- 
fore hung close together, instantly separate, 
indioating the ijreaenee of electriaty. Since 
the cylinder is not in coutuct wilh the priuia 

boll Is nogiUvely ohargf d, w!;il docs Iti sttmotlm 

IE Quadrant Eleetratnctar, SBd Its mods of oper 
sited tudy mrroundDd 1 y/bca is a bod; Ei^d to 
BDI. Describe tliu ipiontiu tat llluilntiaE sicctrlcal 
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conductor and receives no sparks from it, it is obviously electrified hj in- 
duction. The polarized molecules of the surrounding air transmit their 
polarization to the particles of the cylinder ; and, these being conduccRs, 
the ^hole cylinder is polarized as if it were a single particle. The part of 
the cylinder towards d is affected with negative electricity, the part towards 
<; with positive ; it is by the latter that the two balls are charged and thus 
made to separate. If the cylinder is removed from the neighborhood of 
the prime conductor, the pith-balls immediately fall together. 

K the cylinder cady instead of being insulated, is connected with the 
earth, its positive electricity is driven off to the latter, while the negative 
portion is retained. If the cylinder is then removed, its communication with 
the earth being first cut off, it will remain excited with negative electricity. 

808. Electricity from Steam. — ^Electricity is devel- 
oped during the escape of steam from an orifice. This fact 
W9S discovered in 1840 by a workman attending a steam- 
engine ; who, happening to take hold of the safety-valve 
with one hand while the other was in a jet of steam escap- 
ing from a fissure, received an electric shock. The experi- 
ment was repeated, and it was found that a person with 
one hand in a jet of escaping steam could give a shock with 
the other to any one in contact with the boiler or the brick 
work supporting it. The electricity in question is produced 
by the friction of minute particles of water against the sides 
of the orifice. 

As soon as this fact came to the knowledge of scientific men, an appara* 
tus known as the Hydro-electric Machine was invented for the purpose of 
experiment. It consists of a steam boiler from three to six feet long, mount- 
ed on insulating pillars, with an arrangement for letting the steam escape in 
jets against a plate covered with metallic points, which acts like a prime con- 
ductor. This machine develops electricity in prodigious quantities, its power 
being equal to that of four large plate machines combined. It yields sparks 
22 inches long, in such quick succession that they resemble a sheet of flame. 

809. Atmospheric Electricity. — Electricity is at all 
times present in the atmosphere in a greater or less degree, 
being most intense, as a general rule, three or four hours 
after sunrise and sunset. The quantity of atmospheric 



performed with it ? How may the cylinder be charged with negative electricity f 
80S. Under what oircanastances is electricity produced by steam ? State the circum- 
stances attending this discovery. What was found when the experiment was repeat- 
ed ? How is the electricity in question produced ? What instrument was invented 
for the sake of ftirftier experiment ? Describe the Hydro-electric machine. To what 
is its power equal f What Is said of its sparks f 809. Where is electricity always 
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electricity inci-eases with the distance from the earth's 
BuiTace, This ia proved by sending up arrows connected 
by Sk cooducting metalhc wire with a delicate electrometer. 
The higher the arrows rise, the more the electromeler ia 
affected. An experimenter in England, by connecting a 
number of pointed conductors with an insulated wire a 
mile long and raised a hundred feet above the earth's sur- 
face, has collected enough electricity to charge a battery 
of fifty jars every three seconds, 

810. Oi-igin, — The electricity in the atmosphere ia due 
— 1. To the friction of large masses of air of different 
densities on each other. 2. To the con<fenaa(ion of atmos- 
pheric vapors into a liquid form — a process which develops 
electricity in great abundance. 3. To the chemical chanffea 
involved in the growth of trees and plants. 4. To evapo- 
ration, particularly in the case of water filled with vege- 
table matter undergoing decorapositiou. 

As these processes are not always going on with the 
same activity, the quantity of electricity present in the 
atmosphere differs at different times and places. 

811. St. Mmo'a Fire. — When the atmosphere is very 
abundantly charged with electricity, its presence is indi- 
cated by various luminous phenomena, Ilence the brilliant 
light called St. Elmo's Fire, which frequently appears at 
night on the tops of masts, the points of bayonets, and the 
tips of the ears of horses. It ia simply the superabundant 
electricity of the atmosphere, attracted by a pointed con- 
ductor, into which it silently passes. Such phenomena are 
most common during thunder-storms, when as many as 
thirty have been seen in different parts of the same vessel. 
Sometimes they resemble sheets of flame, and extend three 
feet in length ; at others, they take the form of globes 
of fire, attaching themselves to yard-arms and mast-heads. 



I 



ntt When l< It m«t IntcDH T In wlmt rgglnDi 

irorol f What bu bean dano In tbls <:onn«Uao In Kn^Iuiil T 

prncHiMB Ib llio BlfcWcltj In (be almnspbera olileflr 

'f elfoliiclly In llic atmnipliere dllTerenl >t dlDDrent 

louapbenoDiniiaobMimiaintbciitnigapbeTer Dcsciitie tbe pbenamf 




312 ELKCTBICmr. 

812. Aurora BoreaXis, — The Aurora Borealis was men- 
tioned in § 791, as a lumiuous appearance in the heavmis 
attributed to atmospheric electricity. It is often accom- 
panied with the crackling sound of electricity, and some- 
times with the peculiar odor which attends an electric dis- 
charge. Though most frequent and vivid in the polar 
skies, it also occasionally occurs in temperate latitudes. 
One of the most gorgeous forms of the Aurora is that of a 
cloud parallel with the horizon, fringed on its upper edge 
with light, from which bright streamers of different colors 
constantly shoot up to the zenith with a tremulous motion. 

813. Lightning and Thunder, — ^The grandest of all 
the phenomena produced in the atmosphere by electricity 
is Lightning. Lightning is nothing more than the spark 
which accompanies the passage of electricity from one 
cloud to another, or between a cloud and the earth. It 
sometimes appears in the form of a fiery ball, which moves 
through the atmosphere toward the earth and is seen for 
several seconds. Thunder is the crackling sound which 
accompanies the discharge. Flashes of lightning are Some- 
times several miles in extent ; and, as the crackling Bound 
is produced at every point of their course, it does not reach 
our ear all at the same instant. Hence the rolling or rum- 
bling of thunder, which is in some cases prolonged by suc- 
cessive echoes from neighboring moimtains or clouds. 

814. That lightning and thunder are produced by an 
electric discharge, though previously suspected, was first 
experimentally proved in 1752, by Benjamin Franklin, 
whom the world recognizes alike great as a philosopher 
and a patriot. 

Impressed with the conviction that lightning and the electric spark were 
identical, Franklin determined to test its truth by trying to collect electricity 



as St. Elmo's Fire. At what time is It most common ? What different fbrms does 
it assume? 812. What other phenomenon is attributable to electricity f Describe 
one of the most gorgeous forms of the aurora. 818. What is the grandest of 
all the electrical phenomena of the atmosphere ? What is Lightning ? What ia 
Thunder ? How is the rolling of thunder accounted for ? 814 By whom and when 
was it proved that lightning and thunder are produced by an electric dlschaige f 
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from the olouib daring a thunder-Blorm. With this tigw he made ainiag»- 
>U for extending u wire tu a great height from u alaeplo then in course u( 
■ in PhilBdelphia. The work advnnctd but algwly; and whUo ani- 
IoubIj watching its progress one day, he obaerved a boy's kite far np in tha 
air, and higher than he could hope to get bis wire even when tlie steepie 
■hould be finished. It struck him at ouce that with this Bimplo (oy he could 
make the desired e^perimeat, letting the atring perform the part of the con-> 
dueling wire. AccordJogiy, be made a erosa of two strips of cedar, 
extremities of which he fiiatened Ihe fbur corners of a eillc handkerchief; j 
oaingthia ta a covering that his kitu might be able to withstand the re 
wind acconipanyiog a thunder-ahower. A sharp-pointed wire extended a ] 
foot from the top of tlie eroas, to drair 00" the electricity from the clouds. 

The kite thuB constructed was raised by Franklin and hia bou in the first , 
thuDder.storm that occurred in June, 1753. Hempen twine was uaod, at Iha 
bwer end of which a key waa fastened for a prima oonductor, while Iha whole 
was insulated by aailk ribbon fastened to a non-nonductor sheltered from the 
wet With intense anxiety the philosopher awajt«d the result. A cloud 
passed without any electrieal indications, and he began to despair of success. 
Another came, and now to hia indescribable joy he aaw the loose fibres of 
the twine stand out every way and follow bis linger as it passed to and fro. 
Presenting his knuckle to the key, he received a spark ; and as soon as the 
twine wai wet with rain, and ita conducting power thus increased, the elec- 
tricity WOE abuudsnt. A Leydea jar was charged from the key, with which 
spirits were set on fire, and other eiporimenta performed, — Thia disci 
raised ita author to the first rank among ths philosophers of his day. 
own feelings at the triumphant result of his experiment ma; be imagined. 
"CoDTinoed of an immortal name, he fait he could hare been content " 
moment bad been hia last." 

Franklin's experiment waa repeated with lueceas in various parts of Eu- . 
rope. There waa no room lefl for doubting the identity of lightning with I 
the electric apark. In later times this identity bos been further confirmed by I 
phenomena connected with the electric telegraph. Reports as Eood as Unit 
of a pistol are often heard in telegraph olScea during a storm, and to ensure 
the safety of the operators the wires have to be connected by cc 
with the eartlL Even in clear weather it ia aometunea found diiBcult tu fix 
the wires on the poles, in oonsequenco of numbness produced ii 
by electricity conducltid to them by Ibu wires. 

815. J5^ects of LigJUning. — Lightning produces both | 
niecbanical and chemical effects. Its mechanical effecta a 
very powerful. It crushes huge trees, renda off their 
branches, and Bometimes tears their trunks into fragments. 
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When buildings are struck, large masses of masonry are 
displaced ; a brick wall more than 12 feet long has been 
carried in one piece to a distance of 15 feet. These effects 
are analogous to the throwing out of the blocks of wood 
from the gable of the Thunder House, as described in 
§ 797. It is only (as shown in that experiment) in the case 
of imperfect conductors, — that is, when obstructions are 
presented to the free passage of electricity, — that these 
effects are produced. 

Lightning is also a powerftil chenucal agent. It decom- 
poses water and other substances into their elements. It 
sets fire to trees and houses, and melts metallic bodies. 
On the tops of mountains it is not unusual to see the sur- 
face of the hardest rocks perforated with deep cavities 
covered with a vitreous crust, owing to their having been 
struck with lightning. 

816. Lightning Mods, — ^When a cloud becomes heavily 
charged with eldctricity, if another cloud in a different 
electrical state is near it, a discharge takes place between 
the two ; in which case there is no danger. But some- 
times there is no such adjacent cloud, and a flash of light- 
ning darts from the charged cloud to the earth or sea : it 
is then said to strike. In such a case, the air being a bad 
conductor, the electric fluid in^its descent follows any bet- 
ter conductor it can find, such as a house, a tree, the mast 
of a ship, or a living animaL Now, if the objects just 
mentioned were perfect conductors, the lightning would 
follow them to the earth without doing any injiiiy ; but 
they all offer some obstruction to its passage, and therefore 
all suffer more or less when struck. 

The tallest objects, reaching nearest to the clouds, are the most likely to 
be struck. It is therefore imprudent to stand on the top of a hill or near a 
tree during a thunder-stornL In the house it is best at such a time not to 
/sit near a damp wall, a bell wire, a gilded picture frame, or any metallic sub- 

effects of lightning. Only in what ease are these effects prodnced ? State some of 
the chemical effects of lightning. 816. When does an electric discharge take place 
between two clouds? When, between a dond and the earth? Why are houses, 
trees, &c., struck ? Why do they suffer damage when struck ? What objects are 
most likely to be struck ? What positions is it Imprudent to take during a thunder- 
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■tuDcc, 09 the vlectric fluid ia euro W select the beat conductor In iti path to 
the earth if the house should be etrupk. 

817. Having proved lightning to ha an electiic dis- 
cbarge, Franklin proceeded to devise meana for preaerring 
buildings from its effects. He tbus became the inventor 
of the Lightning Rod, a simple contrivance which has been 
instrumental in saving life and property to an extent that 
can not bo estimated. 

The beat mBterial for a lightning rod ia copper, but iron ia cheBp«r and 
generally preferred. It mual eilend at looat four foet aboTO the building to 
be proteeled, and lerminato above in ono or more sharp poinla, which should 
bo tipped with silver or platiouin to keep them from nialiog, and tbiu 
losing part of their conducting poner. Thit rod should bo jij jsg, 
continuous, and of auch siie that tho duLd ma; follow it ttedy 
without danger of malting it, — aay Ihroe-tourths of an inch 
across. It should be ptaved as close lu posaiblo to the wall 
and flxi^ smurely to it. The lower end should be dmded 
into two or more pointed brancbes, as shown at a, a, 
in Fig. 290. These branches should slant away from 



building, and at least one of th 
tbo ground to reach water or s 
FlK.291. 


m should sinl: fur enough into 
I that is moist. If the build- 
lug is large, and particu' 
lactj if it has more than 




ijrifl^ J 


one point projeoting up- 
ward, it should hare aer- 
eral rods, either dcscsnd- 


fif/ 


« ingdirecllytotheground, 

/ N lifcoc, rf, in Fig. 291, or 

conneeted together by a 

■-^ good conductor, and ul- 

.:;— ' timsti'ly carried down 



SIS. The security afforded by lightning rods is twofold. In the first place, 
terminating io points, thej generallj draw off the electnc fluid silently; aiid 
secondly, if a disobarge takes place, the li({htuing ia its desceutwill follow 
them rutber than the inferior conductors ia which they ara attached, and 
finding a free passage through them will do no injury. — Lightning roda hare 
not been found efficacious to a greater diatanoe than forty feet. Within this 
limit, they protect a space around themsalFea equal to twice the height that 
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they project above the building ; for example, a rod prcjecting five feet wil 
protect every point of the surrounding surface witiiin ten feet of itself. 

819. Electrical Fish. — ^The torpedo, the Surinam eel, 
the si-Iu'-ms electricus, and several other species offish, have 
a peculiar organ with which they can give electric shocks, 
more or less powerful according to their size. They use 
this organ for defending themselves against enemies, and 
for stunning and thus securing their prey. The power of 
giving shocks ceases with life; its too frequent exercise 
exhausts the fish and ultimately kills it. The shock of a 
torpedo fourteen inches long is borne with difficulty ; and 
the Surinam eel has been found of such size that its shock 
proved immediately fatal. 

The Surinam eel gives as many as twenty shocks a minute, yields the 
electric spark in the air, and charges a Lejden jar. Faraday computed that 
the average shock of one of these eels on which he experimented was equal 
to the discharge of a battery of -fifteen jars, containing 8,500 square inches df 
glass, charged as heavily as possible. — ^The South American Indians catch 
these eels by driving a number of wild horses into a pond containing them. 
The eels, roused from their muddy retreats, vigorously defend themselves 
by pressing against the stomachs of the horses and repeatedly discharging 
their electrical battery. The poor beasts, panting from their struggles, with 
mane erect and haggard eyes expressing fright and anguish, seek to escape 
from their invisible foes, but are driven back by the Indians who surround 
the pond, armed with long reeds, and making teirible outcries. After sev- 
eral of the horses are stunned and drowned the eels become exhausted by 
their continued discharges, and are no longer objects of dread to the Indians. 
Slowly approaching the shore, they are c£4;)tured with harpoons fastened to 
long cords ; and to such a degree is their electrical power weakened that 
hardly any shock at all is received in drawing them ashore. 

The silurus is a fish twenty feet long, found in the Nile and the Niger ; 
its electrical apparatus lies inmiediately below the skin and extends round 
the whole body. 

Toltaic Electricity; 

OR, ELBCTEICITY PRODUCED BY CHEMICAL ACHON"*^ 

820. Having considered electricity produced by fric- 
tion, we proceed to treat of that developed by chemical 

cious? "Within this limit, how great a space do they protect? 819. What species of 
fish have the power of giving an electric shock ? For what purposes do they use this 
power ? What is the effect of its too frequent exercise ? What is said of the shock 
of a torpedo fourteen inches long ? Of the Surinam eel ? What was ^e power of one 
experimented on by Faraday ? H«w do the South Ameri<»n Indians capture thee« 
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action. Tliis branch of the subject is known as Gal- 



821. Galvani's Discovekt and Theoey. — ^The first • 
diBcoverer in this department of science was he from -whorav 
it received its name, Galvanl [gal-jiaA'-ne], Professor of I 
Anatomy in the University of Bologna, Italy. The effects I 
of atmospheric electricity on the animal frame Lad lon|f / 
engaged his attention. In the year 1790, having preparect'l 
the hind legs of some frogs Boitably for experiment, antt j 
hung them on copper hooks till they shonld he needed, hi 
observed to hia surprise, on ac<iidcntally pressing the Iowct ' 
extremities against the iron railing of a balcony, that they 
were drawn up with a singular convulsive action. He 
found upon experiment that similar contortioM were pro- 
duced whenever copper and iron, connected with each 
other, were brought in contact, the one with the nerves of 
the thigh, the other with the muades of the leg. 

Qalrani'* eiperiment U ofleo repealed ut the prosent duj. To pBrrorm 
it, upikTBle the luwer oxtrefnitieB of a frug from thB real ol' the budj, glcia 
thDm, and pushing buck the muscles on either aidu at the buok-buoo, loj Lan) 
Uie lombor nerves. Strelching out the m,. ow 

IcgB in the position ahown in Fig. 233, 
lay B thin ourred rod of zioc uadcr the 
nerrea, and lonoh the musoles of the 
log with ft similar rod of copper. Ab 
loDg as the rods are kept apart, there is 
DO movement in the legs ] but the 
stant they are brought in contact, a 
olent coornlairc motion tilces place, i 
legs are dravo into the position sho' 
by the dotted Hues, lud the 
tions arc repeated us odea as the rods 
are scpuraled and again broogbt lo- 

OolToni atlributod this eonvnUive 
mOTcment to a cartajn Tital fluid which 
and to pus to the musctca ore 
to the pasaage of elettricitj h 
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Lejden jar when it is discharged. He therefore called this supposed fluid 
Animal Electricity ; but in compliment to its discoverer it soon became known 
as Ghiliranic Electricity, or the Galvanic Fluid. 

822. VoLTA's Theory and the Voltaic Pile. — ^Prof. 
Volta, of Pavia, experimenting further on the subject, soon 
laid aside Gkdvani's theory of a " vital fluid ", and held that 
the effects in question were caused by the contact of the 
two dissimilar metals ; that the legs of the frog had no 
agency in producing the galvanic excitement, but merely 
gave indications of its presence, like the pith ball electro- 
scope in the case of ordinary electricity. To prove this, he 
combined the metals apart from all animal organizations ; 
and advancing step by step, about the year 1800, he gave 
to the world his celebrated Pile, the appearance of which 
marked a new era in the history of electrical science. 

Volta's " contact theory '' was at one time generally received ; but it is 
now known that the galvanic excitement is not produced by the mere con- 
tact of the metals, but by chemical action. A third element, such as the 
moisture of the hand, animal fluids, an acid, or some saline solution, must 
act chemically on one of the metals. It is believed that no chemical action 
ever takes place without the development of electricity, though it may be 
in so small a degree as to escape our senses. 

823. Volta's Pile consisted of a number of circular plates 
of copper and zinc, and pieces of cloth moistened with a 
weak acid or saline solution, alternating as follows, the same 
order being observed throughout. At the base of the pile 
was a plate of copper, and on this a zinc plate, the two 
constituting a pair. On this pair was a piece of cloth moist- 
ened as above, then a second similar pair (the copper al- 
ways below), then a piece of cloth, a third pair, and so on 
to the top of the pile. The whole was insulated on glass, 
and a wire was attached to each end. The wire connected 
with the zinc plate at the top of the pile yielded positive 
electricity; that connected with the copper plate at the 
base, negative. When the ends of these wires were brought 



supposed vital fluid? What other names were soon given to it ? 822. Who experi- 
mented ftirther on the subject ? State Volta's theory. To what invention did Volta's 
Investigations lead ? W hat Is now thought of Volta's " contact theory " ? With what 
U chemical action always accompanied ? 828. Of what did Volta's Pile consist ? De- 



together or separated, a briglit spark was produced, A 
very fine plalmum wire, half an inch long, stretehod between 
the t'uda of the wiroa, was made red hot. A person taking 
one of these wires in each hand, received a, sueceBaion of 
shocks, like those from a Leyden jar, but slighter, — their 
intensity depending on the number of pJates. These effects 
were produced as long as the arrangeoient and condition I 
of the plates remained unchanged. 

Yalta's pile, immsdiatetj connected as it was with the GalTanid Biittcr7 
{which baa siaoe aaperaedod it), was oqq of those inventiona to which BCiencB 
ia moat large]; indebted. It hu immortoliied its autlior, in hoaor o( whom 
this species of excitement produced b; chemical action ia now generally 
called Yoltuc Electricity. 

S24. Familiab ExpEKiMKSTS. — ^The effects of voltaic 
electricity may be illustrated with familiar eiperiments, 

ExpfrinKiii 1. — Place a piece of lino nnder the tongnc, rind on the tongue 
a ailrer coin. As lony aa the mctula do not toncb, nothing ia perceived; 
but as soon aa the; are brought in contact, the voltaic circuit ia formed, a 
thrilling sensatiDn ia felt in the tongue, a taste Bomewbat like copperas is 
perceived. Bad, if tbe ey ea ore dosed, a, Iwai flash of li^t is aeea. Here 
electricity is developed by the cbemical action of the aaliva upon the lino. 

Srp. S. — Lay a silrer dollar on a sbeet of line, and on the coin place a 
living snail or leech. No sooner does tlie orcuture in moving olioiit get 
partly oS tbu dollar and on tJie xitic, than it receivea a ahock and re- 
coils. In this case it ia the slime of the suai! or leech that acla chainicall/ on 
J tbeaiuo. 

825, GALVAJnc Batteeies. — Soon after inventing the 
pile, Volta proposed another arrangement for the metallic 
plates, identical in principle, but more convenient for u 
He discovered that electrical excitement was exhibited I 
whenever slips of copper and zmo were immersed in a ves- 
sel containing swmo diluted acid, if the circuit was com- 
pleted by bringing the metals themselves, or wires con- 
nected with them, in contact above the vessel. Such an 
arrangement ia called a Simple Galvanic Circle ; it 
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shown in Fig. 293. Combining ft num- 
ber uf vessels similarly prepared, Volla 
made tlie first galvunic buttery, known 
as the Coaronne des Taases [^hoo-rone' da 
tahs]. 

BM. Tte duronns <f« TiUHi, or" croimoroopi". 




cdDDtiCled by s Donductar with tbe xlaa of the next. 
To Bomplele tho oircuit. win* Utwsbcd to Ihe eitrcma 
metaUio slips of the terics ncro brought iDgalber, 
whra a Bparh and ether cleclric«J phpnomean were prodoceiL 

8^7. Trough SaOtry. — laslEod oT tho SPparnto cupK uaed bjr Tol{«, On< 

king TCEwl divided into Cells yita aabseijueDllj emptojed. Tlie ziua and 

ooppor ptnlflS, conneottd in puira by a slip of metnl, and smmged at Buch 

Fig. 295. distances as to enclose a pnrtition bclwwn tbe liae 

and cupper of cacb pair, were fastened to a coioiuon 

frame, so that Ihe; could all be iiniaersed in acid and 

thus subjected In ebemieal actioo at the same lime. 

TUis impTored ainuigement was knowa as the Trough 

I itutteir. 

\. Sma^i .BiBery.— Smee's GBttoiy (lee Fig. 305) 
has three metollio plates suBpended. witboqt tgitehing 
:h other. Irom a wooden frame. TLie middle plulo ia 
of lilTer coated with platinum. The ontaide ones u^ 
of amalgamated zine, — that is, line coutsd with mer- 
cury. The nliole are itnmersad in dilute sulphuric 
Mid containcti in an earthenware TesSel. No actluo 
s pluoe till eorDmanicttioQ is established betwtoa 
;he metals, when a bubbling Imuiodlately commences 
□ the liquid, sud yollaic electricitf is produced. This 
latter}', though not so poworful as those hcreu(\eT.d». 

9B glruo 111 tba Hrit ealvunta bailer;', mode by Toltaf 

D. Do«rHiuthi.i(V«TOnMdi«7ii«M. SaT. UutwrHputlm TninsbBatttry. fSS-Da- 

'e lUtl«rf, Whatoce lbs Advantagei at this Iniltiiryr Furwbat [sit 
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»Gribed, is Gconomicfil, may he kepC in opontioa (br Bevenil days, and iantaoh ' 
used in jijnting tie infrrior metals with gold and silvor. With cartoja mod- 
iflOBtiooB it haa also boeo eniplojed in worMiig the magnetic telsgraph. 

829. In the batteries thus far described bat one flnid 
vas used, and two metals of auch a nature tlint oue was 
more readily acted on by the fluid than the other. Dilute 
sulphnric add being used as the fluid, zinc (which it readily 
I upon) was generally taken for one of the metals. 
Great iraprovementa have been made on these single fluid 
batteries. With the exception of Snaee'a, they have been 
mtirely superseded by instronienta in which two fluids aro 
employed, and which are not only mora powerful, but also 

! regular and permanent in their action. The most ; 
important of these we proceed to describe. 

). Da/UdTt Conslant JMteri/.—Ihe two-Boid batteries ara Fig. 3H. < 
all modiBcB^UDS of UanieU'a, whicb wsa invented in ISSti. Iteon- 
ta of nn outer cylinder of copper, within which is a imp of un- 
Lzed poroelain, of the ibape represented id Fig. 3!IG. Within 
a cup is a solid cylinder of amalgamtttwl liac. From both the 
ic and the copper ojliader project brass eups (see Fig. 99T) pro- 



Tided with screws for Ibe i 
which, if there be but nno coll, arc called tbe Poles u( the bal- 
tory. If there be sereraJ cells, atripa of metiJs inserted in thesa 
cnpa connect the lino of one with the copper of tba next, and 
wires for conducting the flnid are attached to Iha imc of one oF 
the extreme celU and the copper of tbe other. Tbe porona cup 
is Med with dilute anlphario acid. The copper cyliodcris Glled 
with tbe same Duid suturated with sidphata of copper ; and on a 
perforated shelf noar its lop (represented by the ciroular dotted 
tines in the figure) is placed some of tbe solid sulphate, that na 
fast aa this anbstanco ia naod up by the chemical action a fVesh 
supply may be obtained, aud the operatiua of the botltiry thus 
made constant 
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lined, a powerful 



instead of constantly diminishing aa in tbe single fluid buttericSf 



.ioed for hoocB witboat losiog any of il 
a such sells ore combined ji 



cucy. For ordinajy m 



a this apparatus is the inttodnotion of tbe porous cup, which . 



iraplnycil ftir tbe pBtpnao , 
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keeps the llquidi spftH, yet 



aat prerent the pitsagB of Toltsio onr- 



sal. Grott'i iliftay,— GroTe'g Battery is the 
Btmcted. It oim^tea oa the same priuctplo as D 
eu( melale and fluids, wliicb render it more active 
n Hlrip of platinum immened in i 




poworfnl one jret con- 
as Daniell's, but employs differ- 
LCtive. The porous cup conbuDi 
scid, sod is itself ooutaiued ia 
B Ktac cjlidder flDed with diiaU 
sulphuric Bcid. The whole is 



ecwure. Fig. 2VS shows one of 
Groie's bDtturi<» coosiating of 
ail cells, us arranged by Beajo- 
min Pika, jr., of New York. 
Tlia platinuo:) of eadi cup ia con- 
DLclcd with the linc of the aeA. 
At Uic GitromiticB of tho cirr 
cull, wlrL-s MB attached respeo- 
iiTcl; to ihe platinum of ooe 
I eleoETiciiy 



Ibrnier of wliich exhibit! positive 



ncgalii 



GroTo's buttery is the bOBt for paribrming the more striking Bipcrimentt 
of galvoaism, being nearly twenty times as powerful sa a linc and copper 
batti-Ty oontuiriing the same amount of metallic surfuee. Its superiority ia 
owlugto the absorption of the hydrogen erolsod, the high couduoliiig power 
of the flaids employed, and the case with which nitric acid is deDompqaed. 

SES. Sat^ien'sEiitterf/.—Thvcost of platinum renders drove's appnmtua 
Bipensifo. Bunseu therefore devised a battery, in which plalcs of carbon 
koledoB by nitric acid are substituted for platinum. In other respects i^ia 
like Qiova's, but it is leas cSlcieat. • "^ 

833, Det Pilks. — ^Feeble galvanic carrents maybe pro- 
dnced by oompressing a great number of circular pieces of 
copper and ranc paper (societimca called gold an(l silver 
paper), placed back to back, in a varniahed glaaa tube, 
which they exactly fit. Aa in Volta'a pile, thd eame order 
must be observed throughout. The electrical excitement 
produced by a Dry Pile (as Buch an apparatus is called) 
lasts a long time. Bells have been kept constantly ringing 
for eight years by the alternate attraction and repulsion of 
a clapper suspended between two such piles. 
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TUEOET OP TDK GALVANIC BAITEEY. 

834. QtTAKTiTT AND Intessitt. — ^TLe quantity of voir 
taio electricity produced by a battery, dependa on the size 4 
of the metalUe plates employed ; its intenfiity, on their | 
number. 

The difference between tbo quantity imd tlw intcneit; of the eloctric fluid i 
is anologoaB to the diflcrcacc bctiVL-en tbe quantity of a, aolid diaanlvci 
given liquid and the strength uf tlie aulution. Into a hogshead of wulcr 1 
throiTB wine-glagg fiill of gait, and into a tea-spoon full of Hitter pat >s 
■alt aa it will diasolre. Tho former solntioa will contain a.-greater qnootitf J 
of aalt thim the latter, but it will be leaa atrong. 

835. Thkobt of the Gat-vanio Battket. — ^Let us 

inquire how electricity ia developed with the galvanic bat- 
tery. Take, as an example, Volta'a single fluid apparatna. 
When the zinc and copper pLites are immersed in acidu- 
lated water, and connection ia established between them, 
the water is decomposed into its elements, oxygen and hy- 
drogen. The oxygen combinos with tho zinc, for which it 
has a strong affinity, and forma oxide of zinc ; while tlie 
liydrogen appears about the copper in tho form of minute 
bubbles. The zino, in consequence of the chemical change 
produced in its surface, parts with its positive electricity to 
the hquid, and remains negatively electrified. The copper, 
not acted on by the liquid as the zino is, attracts from it 
this same electricity, and becomes positively electrified. , 
The acid mixed with the water tends to dissolve the oxide J 
of zinc as fast as it is formed, and thus to keep a fresh aur- ^ 
face of the metal exposed to the liquid. 

836. The terminal wires of a battery, or, when no wires | 
are attached, the plates from which they would proceed, J 
are called its Poles. Tho polo connected with the metal'l 
most easily acted on by the fluid, always exhibits negative I 
electricity; the other, positive. For pole some substitute ] 
tho term electrode, meaning the path by which a voltaic ] 
current enters or leaves a body. The positive pole they - 
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call the Anode (ascending or entering path) ; the negative, 
the Cathode (descending or departing path). When the 
electrodes are brought in contact, the galvanic circuit is 
said to be closed. The two currents then meet and neu- 
tralize each other ; but, as fresh currents are all the time 
being produced, the action continues without interruption. 
837. Difference between Fbictional and Voltaic 
Electricity. — ^Voltaic electricity and that developed by 
friction are the same in kind, but are characterized by cer- 
tain points of difference. 

1. The electricity developed by friction is far more in- 
tense ; that produced by chemical action is fer greater in 
quantity. 

A simple galranic circle (§ 825) derelops as much electricity iu three sec- 
onds as would be accumulated in a battery of Lejden jars by thirty turns of 
a powerful plate machine. Yet so weak is this voltaic electricity that a pen* 
■on receiving it through his system would hardly be aware of its passage^ 
while the same quantity from the Leyden jars might prove fatal to life. It 
takes a galvanic battery of about fifty pair of plates (no matter what their 
size) to affect a delicate electroscope, and one of nearly a thousand pair to 
make pith balls diverge. 

2. Voltaic electricity will not pass through an insulating 
medium, as the electric spark does. If the circuit is broken, 
all action at once ceases. It will pass thousands of miles 
over a conducting wire, but will not leap a break the fiftieth 
part of an inch. 

3. The chemical effects of voltaic electricity are incom- 
parably greater than those of frictional electricity. 

The galvanic battery produces the most intense heat, and readily decom- 
poses compound substances ; no such effects belong to the electrical machine. 
An ordi&wry galvanic battery will decompose a grain of water into oxygen 
and hydrogen. To do this with frictional electricity would require the power 
of am elebbipal plate having a surface of 82 acres, — which would be equiva- 
lent to a flAslk of lightning. 

SSSr.SFFECTs OP Voltaic Electeicity. — Among the 

1 ' ^ 

is by aomo substituted for poU f What is the Anodo ? What is the Cathode ? When 
is the galvanic circuit said to be closed t What then takes place ? 887. What is the 
first point of difference between frictional and voltaic electricity ? State some iacts 
illustrating this dilTerenco. What is the second point of difference between frictional 
and voltaic electricity ? The third ppint of il^«t<^ce ? What &ct8 are stated in the 
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eleetB of voltaic deotricity on substances brought within 
the circuit, may be mentioned the following : — 

839. -Decomposition. — Compound substances may he 
decomposed into their elements with the galvanic battery ; 
and it is a singular fact, that of the elements bo obtained 
some always arrange themselves about the posdtive pole, and 
others about tbe negative. Thus, oxygen, chlorine, iodine, 
and the acids, invariably fly to the positive pole, when sot 
fi-ce from any compound substance ; hydrogen, the oxides, 
and the alkalies, to the negative. As the elements must be 
in an opposite electrical state to the poles that attract them, 
we conclude that oxygen, chlorine, Ac, are naturally neg- 
ative, — and hydrogen, tbe oxides, and alkalies, positive. 
Erery chemical compound secma to consist of a positive ' 
and a negative element, held together by electrical at- 
', ' traction, 

TUc great diacovory that irator uould bo decomposed by voltaic cleollidtj j 
WBB mude in 1800, immedicitely afler the unnouncement of Volta'a file, bj 

_ SD^experlmenler, wbo a1»ecTed that gus bubbles rose vbea I 
Wir^ Vere immeraed in water. Several jears Inter, Davy, after a 
o! experimeala, decamposed tbe earthff uid olbiliBS, nliich bud beRirB bestt 1 
uaiTerasUj regarded as sitnple uubstoiices, ujid tbua bruagbt to ligbt a 
bur of aew metals, tbe exiBl«uoB of wbiob had not oc 
810. Tie decomposition qf teaier 'a effected with 
the apparatua repreaentcd in Fig. 999. A large glass 

'. gublet has a fhuns fitted to its rim, from which are 

k suspended two small reoelvini for the purpose of col- 

Mecting the tiro gases eTolved. Aanater conaiata of 
2 volumoa of hydrogen to 1 of oxygen, ooe of tbe 
receivera ahoald be twice aa large as the other. Two 
holes in the bottom of the Te»el, to which scrov 
caps ore ■ttacht'd, wjmit tha eleolrodea from a, bat- 
tery, and tenuinale on tbeitlaidein strips of plat- 
inum, nhich enter the receiter. The Teasel being 
filled with water and the battery set in optrntion, de- 
BB. Osygcn paasea to 
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(which should bo inserted in tiie smaller receiver) and hjdrogen to the nega- 
tive. The identity of the gases maj be proved by subsequently experiment- 
ing on them. As water is not a very good conductor of voltaic electricity, 
tiie process is facilitated by the addition of a little sulphuric acid. 

Fig. 800. 841. The deo(mijMsii4ono/ a netUral salt m&j he -perfbrmed 

with the apparatus represented in Fig. 800. A glass tube 
shaped Kke a Y is fitted at each end with a cork and screw. 
Through these screws pass the wires from a battery, termi- 
nating inside in platinum strips. The tube having been filled 
with a solution of sulphate of soda or any other neutral salt, 

___^ colored blue with tincture of violets, the battery is set in ac- 

^" ^^^^ tion. No sooner is a current passed from pole to pole through 

the liquid, than the latter is decomposed. The acid passes to the positive 
pole, and the alkali to the negative. This is shown by the change of color 
produced, the liquid becoming red around the positive wire and green around 
the negative. If the poles be transposed, the effects will be reversed. 

842. The decomposing power of the galvanic battery is 
tamed to practical account in the various processes of 
Electbo-metalluegy. This is the art of depositing on 
any substance a coating of metal from a metallic solution 
decomposed by voltaic electricity. One of the branches 
of this art is Plating, which consists in covering the inferior 
metals with a thin coat of goM or silver. When the metal 
coating is not to adhere permanently to the surface on 
which it is deposited, but to form a copy of it and be re- 
moved, the process is called Electrotyping. 

The different processes of Electro-metallurgy differ 
somewhat in their details and in the apparatus employed, 
but the principle involved is the same in all ; viz., that any 
compound metallic solution is decomposed by the passage 
through it of a voltaic current ; whereupon the pure metal 
is attracted to the negative pole, while the substance be- 
fore combined with it goes to the positive. A medal, an 
engraving, or any conducting substance, has therefore only 
to be attached to the negative pole, and the metal in ques- 
tion will be deposited on it, the thickness of the coat de- 

fecllltated ? 841. With what apparatus, and how, may a neutral salt be decomposed? 
842. How is the decomposing power of the galvanic battoTy tnmed to practical ac- 
count? What is Electro-metallurgy? In what does Plating consist? In what, 
Electrotyping ? What is the principle involved in all the processes of electro-metal- 
lurgy ? When %nj conducting substance is attached to the negative pole, what takes 



/^// fe-BCrBOTYPING. 
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pending oh tho length of time it is left to the action of tha I 
battery. 

Rcrersed copies are tlins nbtained ; the minutest indvatatiuDS OD (ho ai 
food of the original bring reprBBeuted bj deTiitiona ou tlie copy, aod projeo- 1 
tiong on the original h; oanespuudiuf; iudeDtatioOB in tbo dopy. IT an exaot J 
and not a rerersid copj is nuuted, a muuld, taken from the original in w 
or plaaUir, muat be submitted to tho above proceas. 

This metallio deposit will take place only on a good condaclor ; ir, tbere- 
dre, tho objoct to be copied is not such, it mijat be endowed ^ itb condnctiDg 
^ ponor bj dusting over it some Bne plumbago. On the contrajy, if there is 
any pari of wliioh a copy is not wanted, it may be coTBrad with vsmish 
wbich is a non-oonductor. — Timt tbe copy may be readily removed th 
Diigina!. the aorface of tbe latter should be cubbed with oil or powdered 1 
plumbago. * 

atS. The most convenient mode of electrotypiog is as follows ;— Fill a 
trough with a. aolu^on of sulphate of copper, and over its top extend two par- 
allel rods of woo*a-short distance apart. Run the positive wire from a bat. 
teiy along ono of these rods, and tbe negative &long tbe other. !(Vom tho 
negative wire suspend in tbe Quid the object to be copied, and from the posi- 
tive one a piece of copper plate. Sulphate of copper is eompoaed of sulphn- 
rio acid and copper. When tbe battery begins to operate, this fluid is de- 
composed; the copper is drawD to the negative pole and deposited on tbe 
object attached to it. The aulpburio acid goes to tbe copper plate, and 
combining with it forms sutpbate of copper, tbas providing Iresh metalliB i 
solution aa fast aa tbe original snpply is used up. 

sa. Mocb use is inada of tbe electrotype process. It has to a certain ei 
tent taken tbe place of stereotyping in tbe preparatiou of plates from whic 
books, charts, mitps, Ac, are minted. Copperplates being harder than thuji 
of type-metal, a far greater number of c^opies can be printed from them, and 
they are therefor* preferable fiir works that are likely to have nu estensive 
ciTculntion. When tbe types are set, a mould of each page ia lakoo in wax, 
brushed over with plumbago, imd subjected to the above process till a thin 
deposit ia formed, which is madeof sufflcient thickness to print (tom by back- 
ing it with type-metal. This booh is printed from electrotype plates. 

Engravings both on wood and copper ore reproduced in the same way, 
their fine lines being brought out with exquisite perfection. The origiuals 
ore put away, and the duplicates alone used in priuling. By multiplying 
copies, which is done witb little or no injury to the Hioe of tho original, any 
nuMibur of impresaions ean be obtained.— ^Fac-similes of dcHcate loaves, the 
Wiuga of insects, aud even daguerreotypes, may be made in a similar way. 

lOstbD doDD. Id obtain I 



e tbo i»[iy Irom the orlglnol ? S43. UoaorllKS tbe D]«t ootiyenlcBt mode i 
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845. Protection of Metals, — ^Voltaic electricity has been, 
applied to the protection of metallic surfaces from corro- 
sion. If a given metal is acted on by an acid or saline so- 
lation, we have only to immerse in the liquid some other 
metal more readily acted on by it, and close the circuit by 
connecting the two, when the chemical action on the for- 
mer metal at once ceases and is transferred to the latter. 

Bayj proposed on this principle to protect the copper sheathing on the 
bottom of vessels from the action of sea- water. Strips of zinc were fastened 
at certain distances on the copper, and it was found that the latter metid was 
thus perfectly preserved from corrosion. No practical use, however, could 
be made of this proposed improvement ; for shell-fish, sear weed, Ac, which 
had before been kept oflf bj the poisonous properties of the corroded copper, 
now adhered to the bottom in such quantities as to make the vessel sail more 
slowly. 

846. Ijuminous and Heating Effects. — When the gal- 
vanic circle is closed or broken, — ^that is, when the two 
terminal wires are brought in contact or separated, — a 
bright spark passes between them. With the proper 2j^ 
paratus, this spark may be intensified into the most bril- 
liant light yet produced by art, known as the Electric 
Light, or the Voltaic Arch. 

To produce the electric light, connect the poles of a 
powerful battery with the rods of a universal discharger 
(§ ^80), and to the extremities of these rods fix charcoal 
poiuts, or pieces of graphite pointed like a pencil. The 
battery being set in operation, the charcoal points are 
brought in contact, and then gradually withdrawn from 
each other a short distance, when the space bet\^ een them 
is spanned by an arch of intensely bright light. 

The voltaic arch is widest in the centre; its length varies with the power 
of the battery, ranging between three-fourths of an inch and four inches. 
No luminous appearance is produced unless the points first touch, no matter 
how close together they are brought, the air between being an insulator and 

paring the plates. What else are reprodnced by the electrotype prooess? 845. To 
what has voltaic electricity been applied ? How may a metal acted on by a liquid in 
which it is immersed be protected from corrosion ? What application of this princi- 
ple was proposed by Davy ? What was the result of the experiment ? 846. What 
takes place when the galvanic circuit is closed or broken? Into what may tills spark 
be intensified ? How is the electric light produced ? What is the shape ^ the ardv 




THE ELECTKIC Lioer. 



breiikiiig the oironiL 



,ium, hOKBFef, tba arcli ranir b« formed with- 
in Ibe sir, if when Uio points ore brought 
Bear eeab uthnr a churgo from a, Leyiia jar ia pHBSvd from one to the oUicr. 

The deotric light, like the eieatrio spark, is entirely indepcndant of tiOtBr 
bastioa. None of Uie carbon ia mnsamod, tluiugh k portion of it is iiiechaa< 
icully carrii;d OTer wilh a. sort of biasing eound fhim the poaitire to Iha 
negative electrode, ta ia shown by tbe change of shape in the poinb wlien 
the ciperimeot ia over. The electric light ma; be produced iu a Tiusuura 
and eren ander water, wliich abova that it is aot the result of combustion. 

The intensity of tbe etootria ligbt depends ratber on the size of the mo- 
tsUJD plates employed than en their numberi that is, on tbe quantity of 
electricity developed more tbtm its intensity. The arob produced with > 
pnncrfnl battery ia about one-third as intense as that of the sun ; while the 
Drommoiid ligbt, wtiioli stands nan to it among artlfidal lights in point of 
brilliancy, his only aboat '/,,, of the luo'a intensity. It has been proposed 
to use the electrio light for illuminating the streets of oitiae ; but the outn- 
brousQesB of tbe apparatus and the expense Of maintaininir a sufficient 
Toltaie current have thus far prevented its introduction for tliat pnipose. 

847. Heat, as well aa light, ia produced in the greatest 
intenfiity yet known to man by the galvanic battery. The I 
hardest substances introduced within the voltaio arch, or ' 
brought between tKe electrodes of a powerfiil battery to I 
close the circuit, are instantly ignited or fused. Platinum, 
which withstands the fiercest heat of the furnace, melts like 
wax in the flame of a candle. Quartz, the precious stones, 
the earths, the firmest and most refractory componnds, a 
fsised in like manner. Thin leaves of metal subjected to 
the action of a battery bum with great brilliancy and bean- ] 
ty, yielding flames of different colors. Gold and rinc bunl 
with a vivid white light, silver with an emerald green, cop- 
per and tin with a pale blue, lead with a brilliant purple, 
and steel watch-spring with the brightest scintillations. — 
The heat produced by a battery, like its light, depends on 
the siae of the plates rather than their nnmber. 

The heating power of a galvanic battery may be ahomi by oiperiroents 
wi^ vrires of different metala stretched between tbe electrodes. A wire so 
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placed instantl J becomes hot ; if not too long, red hot. B j reducing its lengthy 
we may raise it to a white heat, and by shortening it still further we may 
fuse or ignite it Experiments with dififerent metallic wires of the same size 
and length, show tiiat they are not all heated to the same degree by a given 
battery. The best conductors allow the current to pass with the least ob- 
struction, and are therefore heated the least 

Platinum wire (which is one of the poorest metallic conductors and there- 
fore most readily heated), inmiersed in a small quantity of water between the 
electrodes of a battery, causes the water to boil. Passed through phospho- 
rus, ether, and alcohol, it ignites them. Gunpowder is exploded by contact 
with such a wire, a fact which is turned to account in the firing of blastd and 
submarine batteries. The platinum wire being carried through the powder 
and connected with the positive and negative electrodes, no matter how flEir 
off the battery may be, the moment the circuit is completed the platinum be- 
comes red hot, and the explosion takes place. By thus simultaneously firing 
a number of charges of powder placed in deep holes at certain distances, 
600,000 tons of rock have been instantly blown ofif from the face of a cliff, 
with an immense saving of labor, and with perfect safety on the part of the 
operator, who with his instrument was a fifth of a mile from the scene of 
the blast. 

848. Physiological Electa, — ^The singtilar effects of the 
galvanic fluid on the nerves and muscles of animals, origi- 
nally led, as we have seen, to the development of the sci- 
ence of Galvanism, and were carefully investigated in the 
earlier stages of its history. The more powerful instru- 
ments since invented have enabled experimenters to push 
their researches still further. 

When we grasp the electrodes of a battery of fifty cups, 
one in each hand, we feel a peculiar twinge in the elbow 
and sometimes in the shoulder, as if the joints were being 
wrenched a2)art. This sensation continues as long as the 
electrodes are held in the hands, and when we first grasp 
them or let them go is sufficiently sudden and vivid to be 
called a shock. A number of persons may take the shock 
at once by joining their hands, which should be previously 



depend ? What is the effect of the galvanic battery on metallic wires ? When wires 
of different metals are used, what is found ? How is this explained ? What experi- 
ments may be performed with a platinum wire fixed between the electrodes of a bat- 
tery ? Describe tiio process of firing a blast with such a wire. What instance is 
mentioned of the practical application of this process ? 848. What origlnaUy led to 
the development of galvanism as a science ? What sensation is experienced on gnqpr- 
ing the electrodes of a battery? IIow may a number of persons take the shook f 
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moiHtened. A weak cnirent paaaed throngh the eyes pro- 
duces a &mt flash ; passed through the ears, & roaring 
aoand ; and through the tongue, a metallic taste. 

Tho efTecIa of the galvanic buttery on tbe animal sjttera, uolikc its Inmi- 
nous and lieatiag eflecU, are foimd to depend on tbe naoiber of platea em- 
ployed rather than their alEs, — that la, on the iatcaaity of Ihe clectrieit} pru- 
dueed, and not ita quantitj. A battery of several hundred pair of plates 
proves fatal to life. One uf a hundred pair gives a sboclc that few would 
like to bear a second time, though, if th« plates are small, it bus no eOct 
wires strotohed between the electrodes. Put tbe same nmoant of met 
Burfiice in a few pair of very large plates, and aaeh a battery will instantly 
fuse wires subjected to its action, while its shock will hardly be felt. 

849. There seems to he a remarkahle analogy hetween 
a voltaic current and the nervons energy. Experiment has 
shown that, if a nervQ be divided, a galvanic cuiTeot di- 
rected through the region in which it rnns will in a meas- 1 
are supply its place. The part, which would otherwise he 
palsied from a want of nervous energy, may thus be ra- 1 
stored to its usual action. If, for example, the nerves of , 
the stomach are divided, digestion ceases; but it is resumed < 
if the stomach is subjected to galvanic influence. Galvan- 
ism is therefore medically applied in asthma, paralysis, and , 
other diseases arising from a prostration of the nervous | 
system. 

850. Among the most rom.irkable effects of voltMC elec^ -3 
tricity are the violent contortions it jjro'duces in bodies juat i 
deprived of life. 

A few years ago, the body of a murderer banged in Glasgow was sab- 
jected, about an hour and a quarter after bis eieoution, to the action of h 
battery conalating of £71) pur of four-inch plates. One polo iriia applied to 
the spinal mamiw at the nupe of tbe neck, and the other to the soiatm Derra 
in the left hip, when tho whulc budy was thrown into a violent tremor as if 
shivering with cold. On reiuoviog tbe wire from the sciatic nerve to a nervo 
in the heal, tbe leg was thrown out so violently aa nearly to overturn one of 
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the assistants, who tried in vain to prevent its extension. On directing ^ 
current to the principal muscle of respiration, the chest heaved and fell, and 
labored breathing commenced. When one of the poles was applied to a 
nerve under the eyebrow and the other to the heel, the most extraordinary 
grimaces were produced : " every muscle of the countenance was simulta- 
neously thrown into fearful action; rage, horror, despair, anguish, and 
ghastly smiles, united their hideous expression in the murderer's face.'' Sev- 
eral spectators were so overcome by the sight that they had to leave the 
room, and one gentleman fainted. In the last experiment, the fore finger, 
which had previously been bent, was instantly extended, and shaking vio- 
lently, with a convulsive movement of the whole arm« seemed to point to the 
persons present, some of whom thought that the body had really returned 
to life. 

Tliemio-electricit J ; 

OB, ELBCrrEICITY DEVELOPED BY HEAT. 

851. How PBODUCED. — ^If two stiips of metals which 
differ in their conducting power, are soldered together at 
one end so as to form an acute angle with each other, and 
heat is applied at the place of junction, a current of elec- 
tricity is produced, which may be carried off by any good 
conductor. Antimony and bismuth exhibit this phenome- 
non in its greatest perfection, and are generally used in 
performing the experiment. Electricity thus developed by 
heat is known as Thermo-electricity. Its properties are the 
same as those of firictional electricity. 

Fig. SOL • 852. THEEMo-Ei;EcrrBic Batteries* 

I b h h — ^Thermo-electricity may be developed 

\f\l\/\f\/l abundantly by combining a number of 

V \y Vy V 1/ thin bars of antimony and bismuth, or 

a a a a a platinum and iron. They may be ar- 

h l h ranged in either of the forms represent- 

I [ri ri ri I ed in Fig. 301, or may be laid flat one 

a a a upon another, with pasteboard between 

to prevent them from touchinir except 

THBEMO-BLKCTRIC BAT- * . , , -r* , . i 

TKBiics. at their extremities. By heatmg the 

points of junction at one end, a, a, a, a, and cooling those 

p ■ 

performed on the body of a murderer shortly after his exeontion. 861. What is 
Thermo-electricity ? IIow is it produced ? What metals are generally used in pat>- 
dndng it ? 862. How may thermo-electricity be developed abondaatly ? How Is % 
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at the other, ft, ft, ft, ft, an electric current is produced, the 
intensity of which is equal to the sum of the intensities of 
the separate pairs. With a wire attached to the first bar 
of bismuth and another attached to the last bar of anti* 
mony, the thermo-electric curr^it may be conducted wher- 
ever it is desired. 

When thirty or forty such combinations are needed^ thin metallic bars 
are used, connected alternately at their extremities, and arranged for conve- 
nience' sake in parallel piles of five or six each. Such a battery indicates 
changes of temperature at its junctions so minute that they can be detected 
in no other way, — even to the hundredth part of a degree of the thermometer. 
The heat radiated from the hand is sufficient to produce a slight electric 
current. 

863. Electricity, besides being produced by friction, 
chemical action, and heat, is also developed under certain 
conditions by magnetism. When so produced, it is called 
Magneto-electricity. This branch of the subject can not 
be understood till we have treated of Magnetism, and will 
therefore be considered in the next chapter, which is de- 
voted to that subject. 
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CHAPTER lYII. 

MAQ-NETISM. 

864. A Magnet is a body which has the property of 
attracting iron and being attracted by it. 

866. Magnetism is the science that treats of the laws, 
properties, and phenomena of magnets. 

Kinds of Magnets. 

856. There are two kinds of magnets, Natural and Ar- 
tificial. 

:,— fe 

thermoelectric battery formed ? What is the usual arrangemem srhcn a large num- 
ber of snch combinations are needed ? How minate changes of temperature are indi- 
cated with such a battery ? 868. By what other agency is electricity also developed f 
What is it then oalUd? 
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867. Natural Magnets. — ^The natural magnet, or load- 
stone, is an ore of iron, found in great quantities in differ- 
ent parts of the earth, whicsh has the property of drawing 
to itself iron filings, needles, or small pieces of unmagnetic 
iron. Its texture is hard, and its color varies from reddish- 
brown to grey. Besides the loadstone, nickel, cobalt, and 
brass when hammered are found to have magnetic proper- 
ties, though in an inferior degree. 

858. The attraction of the loadstone for particles of iron appears to have 
been known to the Greeks, Chinese, and other nations in remote antiquity. 
It is distinctly alluded to bj Homer and Aristotle. Plinj speaks of a chain 
of iron rings suspended one from another, the first of which was upheld by 
a loadstone. He tells us, also, that Ptolemy Philadelphus proposed to build 
a temple at Alexandria, the ceiling of which was to be of loadstone, that its 
attraction might hold an iron statue of his queen Ar-sin'-o-e suspended in the 
air. Death prevented Ptolemy from carrying out his design ; but St. Au- 
gustine, at a later day, mentions a statue thus actually held in suspension in 
the temple of Ser'-a-pis, at Alexandria. — ^The magnet {magnes in Greek) is 
supposed to have rcceired its name from Magnesia, a city of Asia Minor, near 
which it was first found. 

859. Poles, — ^The attractive power of a natural magnet 
does not reside equally in all its parts, but is strongest at 
its extremities and diminishes towards the middle, where 
it is entirely wanting. This is shown by rolling a piece of 
loadstone in iron filings. They will be found to cluster 
about the ends, those that first adhere being endowed with 
the power of attracting others, till large tufts are formed, 
while the middle is left entirely bare. 

The points at which the greatest attractive power is 
exhibited, are called the Poles of the magnet. The central 
part, where it is wanting, is called the Neutral Line. 

If a piece of loadstone is broken, each portion becomes 
a perfect magnet, and has poles of its own. 

854 What is a Magnet? 855. What is Magnetism? 856. How many kinds of 
magnets are there ? Name them. 857. What is the natural magnet ? What other 
metals have magnetic properties ? 853. To whom and when was the attraction of 
loadstone for iron known ? What ancient authors allude to it ? Of what does Pliny 
speak ? What use did Ptolemy Philadelphus propose to make of the loadstone ? 
What is mentioned by St Augustine ? From what did the magnet receive its name ? 
859. What Is shown by rolling a piece of loadstone in iron filings ? What is meant 
by the Poles of the magnet ? What Is the Neutral line ? If a piece of loadstone is 
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860, Power of2^atural Magnets. — When quite Bmall, a 
natural magnet will sustain many times ita own weigiit of 
iron. Sir I&aao Newton is said to have worn, in a ring, a 
piece of loadstone weighing three grains, which would lift 
750 grains of iron. Their attractive power, however, does 
not increase with their size. Large pieces of loadstone 
never support more than five or bLk times their own weight, 
and rarely as much. The most powerful natural m^net 
known is capable of lifting 310 pounds, 

861, Armature. — ^The power of 
a natural magnet is increased hy 
applying vertically to its opposite 
polar surfaces thin strips of soft 
iron, projecting a little below, and 
bent, as ehovra in ap, h n, Fig. 
302. Tlie attractive force then 
centres in p and n, which become 
the new poles. This arrangement i 




i called an Armature, 



and a magnet bo prepared is said to be anned. 

To keep the Brmalute in ita place, meUllio 
baDds,AB,Cl) (Fig. 303), are pn^ad mimd tha 
whole. A ring, R, is attached to the top for coo- 
venience of buodiing. The effect of the magnet 
is further iiicreaBed by uniting its pnlea with a 
tnuiflTarTO piece of Bofl iroa, K, called the Keeper. 
To this t, book is attached fur guspendiag a scale- 
pun and weights. 

863. Abtificial Magnets. — A piece 
of iron or steel brought in contact with 
a natural magnet or very near it, ao- ' 
quires its peculiar properties, and will 
itself attract iron filings, needles, &o. 
Soft iron loses these properties on be- 
ing withdi-awn fi^m the magnet ; but a piece of steel i 
tiuna them permanently, nor does the natural magnet from | 
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which it receives them suffer any dimiiiatioii of power in 
consequence. 

A piece of iron or steel to wbidi magnetic properties 
have been imparted in any way, is called an Artificial 
Mi^et. 

863. Kinds of Artificial Magnets, — There are several 
kinds of artificial magnets, called from their shape Bar Mag- 
nets, Horae-shoe Magnets, and M^netic Needles. The first 
two are most powerful when formed of several similar pieces 
riveted together, in which case they are called Compound 
Magnets. 



Fig. S04 represenU a Compound Bar Uagnet ; Fig. SOS, 
a Compound Horae-shoe Uugaet N, S, reptesent the poles. 
The Horse-ahoe magnet haa an armature, A, attached, oliidi 
increoaea and preserrca its power, and ehoold slirafB be 
kept OD when the magnet ia not In ub& 

Magnetic Needles are very light magnetic 
bars (see Fig. 308), poised at their centre on a 
pivot, on which they move freely,either hori- 

rig.S06, Eontally or np and down. 

S In the former case, they 
^==- are called Horizontal Nee- 
dles; in the latter, Verti- 
cal or Dipping Needles. 

8M. Artificial magnets are more 
efflcient and regular in their action 
than natural onea, and are therefora 
preferred for purposes of eiperi- 



tboma^et fUrtberlncrcnae'l? 8G?. TTov maj mavnetEo properUea be Imparted to a 
piece of iron or steel? Whit Is (ho dileriince between soft iron und ste«] to this 
cunneetlobt Wbit [san AitmFlal Ma^etF SSS. Name the different kinds of artUl- 
dal magnets. Whature Compound Uagnet^t What do Figs. S04. SOS, npreHotf 
WbatareMagnotlcNofdlust Into vbit tvo cIsHei are the; divided I SU. Hov 
do artifldal magneu compare In uffldencj nith uatnral anei 1 How does tti* bone- 
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powerful than the bar m 
ia 261/] pounds. 

5. S'olea. — Tke poles of an artificial m^not, — that ia, 
the points in which the greatest attractive torce resides, — 
are found to be about one-tenth of an inch from the ex- 
tremities. In very long bar magnets, besides the two poles 
always situated near the extremities, two other poles, nearer 
the centre, are sometimes, though rarely, found. 

866. The power of a magnet, whether natural or artifi- 
cial, may be iucreaaed by daily adding a little to the weight 
which it will support. It, for instance, a given magnet juat 
sustains two pounds of iron, by putting on a small addi- 
tional weight every day, we may perhaps make it sustain 
three or even four pounds. If, on the other hand, we over- 
load it, so that the armature falls ofE^ the power of the mag- 
net will be impaired. Any rough treatment, such as ham- 
mering the magnet, rubbing it violently, or letting it fall, 
has the same effect. Heat, also, diminishes the power of a 
magnet. Red heat destroys it altogether, even after the 
magnet has cooled. 

867. Air is not essential to the action of a magnet ; all 
its phenomena may be exhibited in a vaouuiu. 

Properties of the fllagnct. 

868. A'rreiCTiON'. — As stated above, ail magnets attract 
unmagoetic iron. They are also attracted by it. 

Suapund a magnetic needla bj a thread. Bring a. piece of iron near cither 
eitrumity, uid the oeedle will be druvrn lovrnrds it. 

869. Magnetic attraction acts with undiminished power 
through any thin substance. 

In the last experiment inlorpoaa a piece of glaas or paate-board between 
thii iron aod the neudlu ; the luller will be attracted none (lie leas. 
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Hold > pieoe of piper orer ^ 
bar magnet, and duet od ft some 
iron filioga. Dndec &e inflaenco 
of the magnetic attnctkui tnn«- 
m tted through the paper, thej 



lar 1 no, u Bhoim in Pig. SOf. 
These liaea ai* ciUed UagiMtio 
Curves. — The Buperior attractire 
power of the polea U abo «hawn 
bj th ■ eipenmeDt lb the Gl ngg arethickeatdireellraTerUiiMe points, the 
currea ajipeiiniig (o eoa erge th e from all d rcctiODS. 

Magnetic figures of aaj deecnption tob^ be formed on a tUd plate by 
markiog an it with one of the polea of a bar magnet, and then BpnnkUng 
iron Blings on (he Burface. They nill at once adhere to the linei nhich the 
magnet has traced. The result ia the same if paper is laid on the steel snr- 
face before the bar is drawn aTerit,the magnetic influence being transmitted 
through the p^er. 

870. Xaw. — Magnetic attraction deavasea in intetutty 
as the aqimre of the distance from, the magn^ in^ireaaet. 

If two Bimilar snbstanijeB are situated respectirelj 1 inch and S incfae* 
(i-om a given magaet, the former will be attracted i times as strongl; aa the 
latter. This taw correspondt with that of gravitation, light, and heat 

871. PoLABirr. — ^A magnetic needle, left free to more, 
always points north and south, or nearly so. Often as it 
may be disturbed from its natural position, it invariably re- 
sumes it after a few vibrations. This property is called 
Magnetic or Directive Polarity. 

It is to be observed in connection with magnetic polarity 
that the same estremity of the needle always points to the 
north, and the same extremity to the south. That which 
points north la called the N'orth Pole ; and that which points 
eonth, the Soi<th Pole. Turn the needle round till its north 
pole points F.outb, and it will not rest till it has traversed 
a semicircle and got round again to the north, 

872. If the poles of a bar or horae-shoe magnet be pre- 
sented successively to the north pole of a nu^etlc needle, 

lllttBtMled? How awMagnotlij Carves JbrmBdt Wli«t does this experiment ihowt 
Row msf msgnetlc fibres be formed r What Is the effect of Inlerpoelitg paper be- 
tween tba msgnet and the etael bdtAcs t SJO. Wlut b tbe taw of magnetic Bttne> 
ttant Give an eumpla. 8T1. What la meant bj Uagoetio or DlreotlTa Polarltrt 
WhattstobeobserredlnooiineoelonwlUi msBnetlepalarit^r What name la ^ven 
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one of them ■wiH be fonnd to attract it and the other to 
repol it. If the experimout bo tried with, a number of dif- 
ferent needlea, the same pole will always be found to at- 
tract, and the same to repel. Thia sbowfi that the two polea 
of the magnet have different properties, wliich we indicate 
by giving them different names. The one that attracts the 
north pole of tho needle we call the South Pole of the 
magnet, and the one that repela it, the North Pole. 

873. General Law. — Like polea of magnets repd each 
otJier, and unlike polea attract each other. This law corre- 
sponds with that of electrical attraction and repulsion. 

Bslance a bar magnot with treighls □□ a pair of scalea. Beneath its poa- 
itirfl pole bring the positive pole of imDlher magnet, and the scale oonloining 
Ihc bar will rise oiriiig to (he repulsion of the like poles. Substitute the neg- 
atiTB pole, and the scale will descend owing to the attraetion of the unlike polea. 

874. Like polos neutralize each other's attraction for 
unmagnetic iron. 

Immerse tdie positire poles of two magsets separately in iron lillngis. On 
withdrawiu); them, both will be covered witli large tuftji. Now bring them 
together, and the filings will immediatelj drop oif from both. The result , 
will be the same if the experiment be tried with the negative poles of Iwo 
magnets. If the poailive pole of one magnet 
bo used, the filings, inilead of falling oET, 
two uuiike poles. 

875. The Astatic iVeefffc— The 
polarity of two needles of equal 
power may bo neutralized by sup- 
porting them on the same pivot, one 
above the other, parallel and with 
unlike polos pointing in the same 
direction. An instrument so formed 
is called the Astatic Keedle. 

Fig. SOS represents an astatic needle. The 
north pole of the upper one points Ihe ssma 
wa;r ns the south polo of the under on 
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Bite. The positive or north pole of one particle is thus 
contiguous to the negative or south pole of the next. The 
opposite polarities are exhibited in full force at the extrem- 
ities of the magnetized body, but nullify each other at the 
centre. 

The molecules of loadstone are by nature constantly in 
this polarized condition. In some substances magnetic 
polarity is readily produced, and such are said to be easily 
magnetized ; the molecules of others are less susceptible 
to the polarizing influence, and others again can hardly 
be magnetized at ay. 

When a piece of iron or steel is brought near the posi- 
tive pole of a magnet, its molecules at once become polar- 
ized by induction (§ 888). Their negative poles, attracted 
by the positive pole of the magnet, are directed towards 
the latter, at the extremity nearest to which the negative 
pole of the piece of iron or steel is thus established. Its 
positive pole is established at the opposite extremity, the 
positive poles of its molecules being repelled by the posi- 
tive pole of the magnet. In the case of soft iron, magnetic 
polarity ceases as soon as the polarizing agency is with- 
drawn, but in the case of steel it is permanent. 

883. Terrestrial Magnetism. — ^The polarity of the 
needle is best explained by supposing the earth itself to be 
a vast magnet. At the magnetic equator, as at the centre 
of a bar magnet, the opposite polarities neutralize each 
other, and there are no magnetic phenomena. Hence at 
this line there is no dip. The chief seats of magnetic 
energy are two points which lie towards the geographical 
poles of the earth, and which are called its Magnetic Poles. 

That point of tho earth which attracts the north or positive pole of the 
needle, must he its south or negative magnetic pole. It lies near Hudson's 



netism now regarded ? How are the molccnies of every magnet disiMMed ? Where 
are the opposite polarities exhibited in fall force ? Why arc they not exhibited at 
the centre of the magnetized body ? How do different substances differ, as regards 
the susceptibility of their roolecnies to polarizing Influences f What follows when a 
piece of steel is brought near the positive pole of a magnet ? 8S3. How Is the polarity of 
the needle explained ? Why is there no dip at the magnetic equator ? What is meant 
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Ba7, in TO degrees of north latituda, and wb3 reached by Csptnin Rohb dur- 
ing Iiis Arctic expedition of 1S29. At tliis point he Tound (lie dipping needle 
to Bland Tertieal, with ila north pole towards the earth. The north or puai- 
tiie magnetic pole of the e&rth has nerer been eiaotlj reached, but ia sup- 
posed to lie south of New Holland, in about TS° ooath latitude. The dipping 
needle would there also stand vertical, bnt with its sooth pole towards the 
eu-th. A poiat Los been found near the region alluded to, in which the 
needle is very nearly Torticul, the dip being 8fi)/s degrees. 

Tbe ohaugca in the variation and dip appear to be in some way ocmnected 
with the solar heat received by the eortb. 

68*. Magnets draw small pieces of iron to themselTes ; but it mnst be 
remembered that the magnetic attraction of the earth ou!y affects the direo- 
lioa, and does not tend to change the actual position. A magnetic needle 
mounted on a cork and placed on the surface of a pond, is made to point north 
and soutb by the earth's mognetio attraction, bat is not drawn to tlie north 
side of tbe pond. 

885. Magnetic Intensity. — -A magnetic needle suspend- 
ed hy a delicate fibre, when turned from the direction in 
which it naturally rests, resumes it, but not immediately. 
The magnetic attraction of the earth brings it back, but its 
inertia carries it past the point, and thns a series of vibra- 
tions, like those of n pendulum, take place before it &iall}> 
settled. The number of such Tibrations occurring in a 
g^ven time evidently depends on the intensity of the earth's 
magnetic attraction. Now this number (and consequently 
the intensity of terrestrial magnetism) is found to be dif- 
ferent at different places, and at different times in the Bamq 

T&s maffn^if! iittensily varite accordijtff to the gqaare r>f tJu nnmficp t^ vi^ 
liratiom made ia a piaen time. Bj applying this law, it is ascertained thai 
the greatest magnetic intensity thus fkr (bunU on Ibo earth's surface is thref 
times OS great as the least. The magn etic intensity is found to be least in 
Southern Afriea. 

ProdncUon of Artificial Magrnets. 

88C. Artificial magnets should bo made of well hard- 
ened steel, of fine griiio and uniform structure, free from 



t rmsbc^anil wbsl WD3 fnnnd ttmret 
lownearbasltbHiireacliDdl Withwl 
a be connected I 8»L What alans Is 
isrCbf Give sn UluatntLoo. SSS, Uuw 



344 MAGNETISM. 

site. The positive or north pole of one particle is thus 
contiguous to the negative or south pole of the next. The 
opposite polarities are exhibited in full force at the extrem- 
ities of the magnetized body, but nullify each other at the 
centre. 

The molecules of loadstone are by nature constantly in 
this polarized condition. In some substances magnetic 
polarity is readily produced, and such are said to be easily 
magnetized ; the molecules of others are less susceptible 
to the polarizing influence, and others again can hardly 
be magnetized at ay. 

When a piece of iron or steel is brought near the posi- 
tive pole of a magnet, its molecules at once become polar- 
ized by induction (§ 888). Their negative poles, attracted 
by the positive pole of the magnet, are directed towards 
the latter, at the extremity nearest to which the negative 
pole of the piece of iron or steel is thus established. Its 
positive pole is established at the opposite extremity, the 
positive poles of its molecules being repelled by the posi- 
tive pole of the magnet. In the case of soft iron, magnetic 
polarity ceases as soon as the polarizing agency is with- 
drawn, but in the case of steel it is permanent. 

883. Terrestrial Magiojtism. — ^The polarity of the 
needle is best explained by supposing the earth itself to be 
a vast magnet. At the magnetic equator, as at the centre 
of a bar magnet, the opposite polarities neutralize each 
other, and there are no magnetic phenomena. Hence at 
this line there is no dip. The chief seats of magnetic 
energy are two points which lie towards the geographical 
poles of the earth, and which are called its Magnetic Poles. 

That point of tho earth which attracts the north or positive pole of the 
needle, must he its south or negative magnetic pole. It lies near Hudson's 



netism now regarded? How are the molccnies of every magnet disposed? Where 
are the opposite polarities exhibited in fall force ? 'Why are they not exhibited at 
the centre of the magnetized body ? How do different substances differ, as regards 
the susceptibility of their molecules to polarizing influences? What follows when a 
piece of steel is brought near the positive pole of a magnet ? 8S3. How is the polarity of 
the needle explained ? Why is there no dip at the magnetic equator ? What is meant 
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Bh;-, in TO d^rcea of north latitudo, and wan reacbod bj Captain Boeb dur- 
ing his Arcttc expedition of 181i3. At tbia pqint ho found the dipping needle 
to Htajid vertical, with its north pole tawarda tbo earth. The north or posi- 
tive mugnetio pole of the earth has never been eiaetly reached, but is sop- 
posed to lie sontb of Hev Holland, in about TS° Boath latitude. The dipping 
needle would there also ataud lecticai, but with its south pole tonarda the 
earth. A point has beeu found near the region aUnded lo, in which the 
needle is very nearly vertical, the dip being 8S'/s degrees. 

The chaogea in the variation and dip appear to be in lomo nay connected 
irilh the solar heat received by tbe earth. 

884. Magnets draff amall pieces of iron to tbemseirea; bat It moal 
remembered that the magnetic attraction of the earth only affects tbe di 
tioD, and does not tend (o change thu actual poaition. A maguetio needle 
mounted on a cork and placed on the surface of a pond, is made to point north 
mjd south by tbe earth's ma^neldc attrftctiou, but is not drawn to the nDrlh 
nde of the pond. 

885. Magnetic Intensity, — A magnetic needle Buspend- 
ed by a delicate fibre, when tnrncd from the direction in 
which it naturally rests, rcsames it, but not immediately. 
The magnetic attraction of the earth brings it back, bat its 
inertia carries it past the point, and thus a series of vibra- 
tions, like those of a pendulnra, take place before it finally 
settles. The number of sucb vibrations occurring in 
given time evidently depends on the intensity of the earth's 
magnetic attraction. Now this number (and consequently 
the intensity of terrestrial magnetism) is found to be dif- 
ferent at different places, and at diSerent times in the sam^ 
place. 

The magndicinieimly varita oneordinfj to (ha gq-aart of (he wniAer of iii^ 
bn^iona made in a gieSTi time. By applying this law, it ia aacortained tba] 
the greatest magnetic intensity thus far found on the earth's surface is thref 
times OS great as the least. Tbe uiagnotic iutensity ia found to be least in 
goutbcm Africa. 

Frodnction of Artificial Magnets. 

886. Artificial magnets should be made of well hard- 
ened steel, of fine grain and uniform strncturo, free from 
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Bite. The positive or north pole of one particle is thus 
contiguous to the negative or south pole of the next. The 
opposite polarities are exhibited in full force at the extrem- 
ities of the magnetized body, but nullify each other at the 
centre. 

The molecules of loadstone are by nature constantly in 
this polarized condition. In some substances magnetic 
polarity is readily produced, and such are said to be easily 
magnetized ; the molecules of others are less susceptible 
to the polarizing influence, and others again can hardly 
be magnetized at ay. 

When a piece of iron or steel is brought near the posi- 
tive pole of a magnet, its molecules at once become polar- 
ized by induction (§ 888). Their negative poles, attracted 
by the positive pole of the magnet, are directed towards 
the latter, at the extremity nearest to which the negative 
pole of the piece of iron or steel is thus established. Its 
positive pole is established at the opposite extremity, the 
positive poles of its molecules being repelled by the posi- 
tive pole of the magnet. In the case of soft iron, magnetic 
polarity ceases as soon as the polarizing agency is with- 
drawn, but in the case of steel it is permanent. 

883. Terrestrial Magnetism. — ^The polarity of the 
needle is best explained by supposing the earth itself to be 
a vast magnet. At the magnetic equator, as at the centre 
of a bar magnet, the opposite polarities neutralize each 
other, and there are no magnetic phenomena. Hence at 
this line there is no dip. The chief seats of magnetic 
energy are two points which lie towards the geographical 
poles of the earth, and which are called its Magnetic Poles. 

That point of tho earth which attracts the north or positive pole of the 
needle, must he its south or negative magnetic pole. It lies near Hudson's 



netism now regarded ? How are the molccnies of every magnet disposed f Where 
arc the opposite polarities exhibited in fall force ? Why are they not exhibited at 
the centre of the magnetized body ? How do different substances differ, as regards 
the sasccptibility of their roolecnles to polarizing Inflnencesf What follows when a 
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the needle explained ? Why is there no dip at the magnetic equator ? What is meant 
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reached by Cnptain Rosa dur- 
19 point he Tound the dipphig occdle 
fards the earth. The nurth or pi 
;r been exactly reached, but ia s 
lOut 79° BOath latitude. The dippiog 
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tlvc magnetic pole of the earth haa ni 

pnaed to lis south of New Hollnud, in 

needle would thero bJbo stand lerticol, bat with its sontb pi 

eiuib. A poiut baa been found near the re|i;ioa alluded U 

DGcdle is very nearly Tertical, the dip butog SS'Js degrees. 

The changes in the variation and dip appear to be In some way oonuected j 
with the solar heat reoeived by the earth. 

664. Mogaeta draw small piecea of iron to themselves; but it must be 
remembered that the magnetic attracUon of the eurth only affects the direc- 
tion, and does not lend to change the actual position. A magnetic needle 
mounted on a cork and placed on the surface of » pond, is mttiia lo point north 
eud south by tbe eurtb's magnetia uttnution, but ia not drawn to the north 
side of the pond. 

885. Magnetic Intensity.— A magnetic needle suspend- 
ed by a delicate fibre, when turned from the direction in 
which it naturdly rests, reaumea it, bnt not immediately. 
The magDctio attraction of the earth brings it back, but its 
inertia carries it past the point, and thus a aeries of vibra- 
tions, like those of a pendulum, take place before it finally 
settles. The number of such vibrations occurring in a 
given time evidontiy depends on the intensity of the earth's 
magnetic attraction. Now this number (and consequently 1 
the intensity of terrestrial magnetism) is found to be dif- 
ferent at different places, and at different times in the samq \ 
place. 

The magndic inteimtg 'cofUe aecardiny ta ihe iquare of tJie nuiiAer o/ 'iii_ I 

Imiti&m made in a given time. By applying thU Ian-, it is ascerCaiued tha] I 

the greateel magnetic intensity thus far found on the earili's surfuco is thre| I 

times as great as the least. The magnetic intensity is fouud lo be least ia I 
Soutbom Africa. 

Production of Artificial mafmets. 

886. Artificial magnets should be m.a(Ie of well hard- 
ened steel, of fine grain and itniform structure, free frotu 

by the Magnulje Pdloi I Wliers ii tbo earth's BDOth nugnoUii pnle T By wbam wi 

ITov near bsH It been roal^llDdT Vlth what do the ehani^ In miatlon anil i1l[iiieai 
to be cennecledl S»L Wlist alone la afTocteil by the moonetlD attrsutiiiii oT t)i 
•urth? ei TO in Illustration. S83. Uowla Ihs tntuniltf or the earth'n mn^oelle M 
tiactioa ehown to ba dltterent at different plaeear Whit ie Iha law fin u 
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flaws, and having level and polished &ces. The breadth 
of a bar magnet should be one-twentieth of its length, and 
its thickness about one-seventieth of its length. In a horse- 
shoe magnet, the distance between the poles ought not to 
be greater than the breadth of one of the sides. 

887. Magnetism may be imparted to steel or iron in four 
different ways: — 1, By induction. 2. By the sun's rays. 
3. By contact with a magnet. 4. By electric currents. 

888. Induction, a soubcb op Magnetism. — ^A magnetic 
atmosphere surrounds every magnet. A piece of iron or 
steel brought within this atmosphere, even without touch- 
ing the magnet, has its molecules endowed with polarity, 
and exhibits magnetic properties. It is then said to be 
magnetized by induction. 

Present half a dozen bars of iron at different angles to the positive pole 
of a magnet, without letting them touch it. Thej will aU be magnetized bj 
induction, the ends towards the magnet becoming negative poles and the 
opposite end^ positive. 

Suspend two pieces of soft iron wire bj threads, parAUel to each other 
and on the same leveL Oh bringing either pole of a magnet a short distance 
below them, thej become magnetized bj induction. Like poles are formed 
in their contiguous extremities, and consequentlj instead of hanging parallel 
as before, thej repel each other and diverge. 

Bring one end of an unmagnetized steel bar near the north pole of a mag- 
netic needle, and the latteV will be attracted to it. Now place the positive 
pole of a powerful magnet near the other end of the bar, and the needle will 
soon be repelled. This is because the bar becomes magnetized bj^ induction. 
The end nearest the needle becomes a positive pole bj which the pomtive 
pole of the latter is repelled. 

889. The earth magnetizes by induction. A bar of soft 
iron placed in the direction of the dipping needle, acquires 
magnetic properties by the inductive influence of the earth 
acting as a magnet. A few blows with a hammer on the 

the magnetic intensity ? What is found by applying this law ? Where is the mag- 
netic intensity found to bo least? S86. Of what should artificial magnets be made? 
What shonld be the comparative dimensions of a bar magnet ? What is essential in 
a horse-shoe magnet? 8S7. Name the four ways in which magnetism maybe im- 
parted to a piece of steel or iron. 888. When is a piece of iron said to be magnetized 
hy induction f Illustrate magnetic induction with an experiment. Describe the 
experiment with two pieces of soft iron wire. What other experiment proves that a 
bar may be magnetized by induction ? 889. IIow is it proved that the earth mag- 
netizes by induction t Wliat experiment shows the inductive influence of the earth ? 
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upper end, by cauamg the particles to vibrate, help them 
3 receive the magaetio influence. 
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bar in the directioD of the dipping needle, gito it one or two blows 
with abammer, itiid the north pole of the nocdle will be repelled, — showing 
nr 13 magneliied, and a north polo formed in its lower end, by lio, 
inSnence of the earth. I 

as thai have long stood in a Tertical positioo, or in tbe direction 
of the dipping aeedle, ufVea noqnire magiietio prupettiea in an inferior de- 
gree. The euno miijr bo Bud of iron boiB rused to u red heat uid allowed 
' a Ibe poeitiona kbave montiooBd, aa nell na of aiigcra, glmlats, Ac, 
that have beea much used. Iron wire ia frei^uently made inagnetia by twiat- 
it breaks. — All these are instimces of magnetism by indnotion. 

, Tub Sdm's Rats, a soukcb of Magnetism. — Sun- 
light conatitulea a, Booond source of magnetism. The violet 
rays of the solar spectrum, concentrated by lenses on steel 
needles, have been found to endow them with magnetic 
properties. 

891. CoKTAor WITH A Magnet, a soukob of Magnet- 
I9M. — ^A third and more efficient mode of exciting magnet- 
ism in iron or steel is by bringing it in contact with a mag- 
net. Tilt recently this was the way in which artificial 
magnets were almost exclusively produced. 

There are several diflerent ways of magnetising by con- 
tact. The principal are as follows : — 

892. Magrictizing Needles. — An ordinary sewing needJe 
may be msignetized by simply touching one of its ends to 
either pole of a powerful magnet. The end in question be- 
comes negative if touched to the positive pole, and positive 
if touched to the negative, 

893. Magnetizing Jiars. — Steel bars maybe magnetized 
either by single touch or double touch. Single Touch con- 
sists in applying but one polo of a magnet to the bar, or 
one pole to one-half^ and the opposite pole to the other. 
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Double Touch consists in applying both poles at the same 
time throughout the whole length of the bar. 

894. To moffnetisfe a bar hy single toitchf apply midway of its length one 
of the poles of a magnet, and draw it to either end. Return it through the 
air to the middle of the bar, and draw it again to the same end as before. 
Repeat this process several times, always using the same pole and drawing 
it in the same direction. Then place the other pole on the middle of tiie bar, 
and draw it to the opposite extremity, repeating the strokes as in the formei 
case. This must be done on both sides of the bar. 

Fig. 811. Another mode is repre- 

sented in Fig. 311. The op- 
posite poles of two magnets, 
kept about one-fourth of an 
inch apart by apiece of wood, 
are. placed on the centre of 
the bar A B, so as to form angles of about 30 degrees with its surface. They 
are then slowly drawn in contrary directions from the middle to the extrem- 
ities. This process is repeated several times, the magnets being raised when 
they reach the ends and replaced in the middle. The bar is then turned over, 
and the same thing done on the other side. The process is facilitated by 
resting the ends of the bar on the opposite poles of two other magnets, as 
shown in the figure. 

895. To magnetise a bar hy double Umchf apply the opposite poles of two 
magnets as just described, only let them be perpendicular to the surface. 
Then, instead of drawing them to opposite extremities as before, move them 
together from the middle to one end, then through the air to the opposite ex- 
tremity, and over the bar to the same end again, and so on — drawing them 
in the same direction over the bar, letting neither of the applied poles pass 
beyond its extremity, and finally stopping in the middle. 

896. Magnetizing Sorseshoe Bars, 
— ^Horse-shoe magnets are produced by 
placing a piece of soft iron, as a keeper, 
across the ends of a steel bar bent in the 
proper form ; and then, as shown in Fig. 
312, applying perpendicularly to the ex- 
tremities a horse-shoe magnet, whose 
arms are the same distance apart. Move 
it slowly to the bend, then carry it back through the air to 
the extremities, and draw it tq the bend again. This must 



Fig. 812. 




bars? In what does Single Touch consist ? In what, Double Touch ? 894. Describe 
the process of magnetizing a bar by single touch. What other mode is described ? 
895. How is a bar magnetized by doable touch ? 896. How are horse-shoe magnets 
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be done about s. dozen times ; then, withont removing the 1 
keeper, tnrn the bar over and do the same on the other side. ] 
The poles of the magnet produced will in this Ciiso be of J 
the same character as those reHpoctiycl}' brought iu coa" I 
tact with them. 

Fig. SIS. 



B9T. The beat mode of magnetiiing 
horse-shoe bm ia represented ~ ~~ 
Laj the horfle-flhoe, A . 
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AB, fliil OD a table, X' V/ r 

tact with the polos of [ f ~w/^ 

,t, X, S. Then pla=e ^^^^ f^Z— 

on these noloa. uad ^ 



n piece of soft Iron o 

draw it slowly Bii or eight times towards " ■" 

the hand of the bar, in the direction of the arrow, raising it as often as it 

reaches the bend, and replacing it as at Qnt This process performed on 

both sides endows the horso-sboc with strong mngnetic properties. The cud 

wbioh touches the positive pole of tha horse-shoe magnet becomes negative^ 

and the other positive. 

Two straight bars may bo readily magnetiied at once in tho same way, 
by placing one oxtmnity of each againat the poles of the horseshoe magnet, 
and connecljng the opposite ends with b keeper. 

898, Electric Cubrents, a soitkce op MAONBrrsM.- 
A bar of iron or ateol is endowed with magnetic properties J 
in the higheat degree, by passing a current of voltaic eleoj 
tricity over a conductor pl.-jced in a certain position rela^B 
lively to the bar. The details of this process belong to* 
that branch of the science which ia known as Electro- 7 
magnetism. 



Klectr o-m agitelism ■ 

899. Electro-magnetism treats of the phi 



and 



principles of magnetism excited by the passage of electriff 1 
currents. 

900. Ebtects of ELKcrrnic Citkeknts on the MAGSKno 
Needlk. — As a science, Electro-magnetism owes its origin 
to a discovery made in 1810 by Prof. Oersted, of Copon- 
liagcn. He fomid that a wire uloiig which a voltaic current 
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was passing tended to torn the magnetic needle from its 
natural position to one perpendicular to the direction of 
the current. The conducting wire, of whatever metal it 
might be, was thus rendered magnetic by the electric cur- 
rent which it transmitted. It was subsequently found to 
attract iron filings ; which, when the battery was in full 
action, clustered around it to the thickness of a quiU, but 
gradually thinned off as the energy of the battery dimin- 
ished, and left it entirely bare the moment the circuit was 
broken. 

The direction in which the needle is turned depends on its position rela- 
tivelj to the wire, and the direction in which the current is passing. When 
the needle is on a different level from the wire, that is, directly above or be- 
low it, it retains its horizontal position ; but its north pole is turned east or 
west, according to whether it is above or below the wire, and according to 
the direction in which the current moves. When the needle is on the sune 
level with the wire, but on one side of it, it does not then swerve east or 
west ; but its north pole is made either to dip or to rise, according to the 
^ide of the wire it is on and the direction in which the current moves. The 
following rule enables us always to determine the direction in which the 
needle will be turned : — 

Imagine yourself y with arms extended perpendicularly, lying along the 
conducting wire, wUh your head towards the point from which the current is 
coming, and your face turned towards the north pole of the needle ; then thdd 
north pole ioill be deflected in the direction of your right hand^ whether U be 
up or down, east or west. 

The magnetic influence of the electric current is not therefore exerted in 
the plane of the conducting wire, but rather perpendicularly to that plane, 
so as to produce circular motion round the wire. 

901, The deflection of the needle by an electric cur- 
rent may be shown with the. apparatus represented in 
Fig, 314. 

A brass wire is bent into rectangular form, and provided with a screw- 
cup at each extremity, P, N, for the reception of the wires from a galvanic 
battery, so that a current may be passed above and below a magnetic needle, 
N, S, suspended within the rectangle. The arms proceeding from P and N 



of Oersted's discovery. How was it proved that the conducting wire was rendered 
magnetic by the electric current ? On what does the direction In which the needle 
turns depend ? How does it turn* when on a different level from the wire ? How, 
when on the same level with the wire, but on one side of it ? State the rule for de- 
termining th(5 direction in which the needle will he turned ? How is the magnetic 
influence of the electric current exerted i 901. Hlustrate the deflection of the needle 
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BMdlo in tliB sama direction ; and Iho defteethig form, oa it ia coilod, is tbere- 
fore twice as great ob if the currant passed iu uuo direction qnlj. If the wire 
be bent flo aa to make two rectangles about Ihu needle, the deflecting force 
will be twice as great as wbea but one ia a pig. bid, 

farmed; if Ave rectangles are made, as '^ 
Fig. 315, it will be five times oa great, i 
In thotc canea, the Hire must be carer 
with silk tliroad, or Butno other Don-ce 

each other, and oblige the current to trsTerBe its whule length. It ia on ttiia 
prindple that the Galvanometer is ooastmctcd. 

902. The Galvanometer. — ^Tho Galvanometer is an in- 
Btrument for ineaauring the force of galvanic currents by the 
deflection of the magnetic needle. It consists of a long 
■wire bent into an oval or rectangular coil, the parts of 
wliicb are prevented from touching by being wound with 
silk. Ths wire terminates in Bcrew-cupa, for convenience 
of connection with a galvanic battery. Within the coil a 
magnetic needle is delicately poised ; and the instrument 
is placed bo that the vriro may have the same direction as 
the needle. They retain thiu direction till a galvanic cur^ 
rent passes over the wire, when the needle is turned to- 
wards the east — more or less, aacordiug to the force of the 
current. A graduated scale fixed below the needle, with 
its circumference divided into degrees, measures the de- 
flection, and consequently the quantity of electricity passing 
over the wire. 
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OALVANOMBTER WITH ABTATIO 



Fig. 818. 903. Galvanometer with Astatie 

Needle, — Instead of the ordinary nee- 
dle, an astatic needle (see § 875) is 
sometimes used in the galvanometer. 
In this case, the needle, having its 
polarity neutralized, is more readily 
turned. The instrument is consequent- 
ly more sensitive, indicating the pres- 
ence of electric currents which would 
otherwise entirely escape detection. 

Fig. 316 represents the Galvanom- 
eter with the Astatic Needle. The nee- 
dies are suspended hy two parallel silk 
threads from r, so that one of them 
may hang directly over the top of the 
coil z c, and the other helow it. p q are 
the screw-cups terminating the wire 
which forms the coil, and 8 8 \a the 
graduated scale. The upper needle 
hangs above the coil ; but as its poles 
point in opposite directions to those of the under one, it will tend to move in 
the same direction as the latter when galvanic action takes place. 

904. Connection between Electricity and Magnet- 
ism. — ^That there is an intimate connection between elec- 
tricity and magnetism, was established by Oersted's experi- 
ment. It is further shown by the fact that compass-needles 
often have their poles reversed or their polarity weakened 
by lightning ; that a spark has been drawn from a magnet ; 
that a charge of electricity passed through a needle renders 
it magnetic ; and that a bar may be permanently magnet- 
ized with an electric current more efficiently than in any 
other way. 

These facts have led to the theory that magnetism is 
not an independent agent, but simply one of the forms as- 
sumed under certain circumstances by that polarizing force 
which, as most commonly exhibited in its action on the 
molecules of ordinary matter, we call electricity. Ac- 
cording to this theory, frictional electricity, voltaic elec- 
tricity, thermo-electricity, magneto-electricity, and electro- 
magnetism, are but varied forms of one and the same thing, 



vanometer made more sensitive, and why ? Describe the Galvanometer with tho 
Astatic Needle. 904. What was established by Oersted's experiment r How Is the 
connection between electricity and magnetism ftirther shown? What theory has 
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differing in intensity, quantity, and properties, in con- 
sequence of the different modes in which they are devel- 
oped, 

S05. ELECTRO-srAGNEnc Rotation.— When a magnetic 
pole and a wire over which an electric current is passing 
I brought near each other, the pole tends to revolve , 
ind the wire, and the wire has a similar tendency to i 
revolve round the magnet in a plane perpendicular to 
the direction of the current. With suitable apparatus, the I 
following phenomena of electro -magnetic rotation may bo i 
exhibited : — 

1. The conducting wire being fixed, the magnet will 
revolve about it. 

2. The magnet being fixed, the conducting wire ■v 
revolve about it, 

3. Both magnet and wire being left free to move, 
they will revolve in the same direction round i 
mon centre, each appearing to purauo and be pursued by I 
the other, 

4. The conducting wire being dispensed with, a magnet | 
may be made to turn on its own axis by the passage of an J 

. electric current along half ita length. 

SOB. To show the rerolution of a magnet about a 
ooadnotlng wire, Fanidnj used lie apparatus repre- 
Bcnledin Fig. 81T. A msigDCt, nS, is immersed in & 
TeBsel of mercarj, with il< north pole, n, a abort dia- 
tftnoe above the liquid, sDd its south pola, S, connect- 
ed by a Biik thread with the i;oDducling ^ire G> which 
passes through tlie bottotn of the Tessel. a i is an- 
other oondHCting wire, which enters the meranry from 
aboie. When abia connBCted with (lie positire polo 
of a galvaoio batteiy, and C d with the ncgalivB, a de- 
Bcvoding auncnt of positive electricity piusos along 
the conductor (the mercury completing (he circait), 
nnd the aorth pule, n, will revolyo round the llxed 
wiie,ai,inthedirectionofthehaiidSDf BWBlch. K, <2^* 
on the oontrary, ah be connected with tl 



inntuB, what phenomena connwted wiUi elHCtrg-magnetlo mlaHon may ho eibibfl- 
■dr MS. Deacrlba Famlaj's oiporliDent for ataowjag as tovolDtiaa of a nmgnet 
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pole, Bad C d iritb tbs positirs, an ucending cturent will be Ibnned, and Uia 

magnet will rerolTB in the oppo»ite direction. 

llFrGui7 is used in this experiment, because, being > liquid, it oIlowB tha 

magnet to moTB through it, while at the same time, being a, coadudor, it 
FljL SIS. completes the circuit, and curiei off the nutgnetjc in- 

Jlueace from the Bouth pole immersed in it. Were it 
not for this, the Boutb pate, by its tendsDCf to mora 
in the opposite direction lo tbe north, would keep lbs 
magael atationaiy. 

SOT. Fig. S18 illoatTBtee the revolutioD of » con- 
ducting wire wouad a fixed magoet. Again we hftre 
a Teasel of mercery, with a conducting wire, i^ pasmoK 
through lis bottom, and another wire, ab, suspended 
from H book directly over the msgnet, entering tha 
mercury from above, n is tiie north pole of the fixed 
magnet. On connecting tbe book and tbe wire d witli 
the polei of a galTaaio batteiy, the wire will rerolra 

Bound the magnet, tho direction depending, aa before, on whether tbe electrio 

cnrreot ia ascending or descending. 




Kg, 819. 



90S. By ingeniously combining 
tbe two pieces of apparatus just de- 
scribed, we may eibibit tbe aimult^- 
neouB revolution of both magnet and 
wire round a common centre. Tha 
magnet, U, is Immersed in a veaul 
of mercury abont half its length, that 
the current may aflect only one pole. 
It is connected at tbe tiottom wilh ■ 
conducting wire and screw-cap, 0, in 
such a way m to allow it freedom of 
revolution. Tbe wire, W, is sns- 
pended from a book, so a« to mora 
freely. On transmitting a current, 
which ia done by connecting A and 
C with the poles of a batteiy, both 
the magnet and the wire commenM 
revolving in the same direction M if 
chasing one another 

909. Effect of Electbio 
CUBBBNTS ON Steel AND SoiT 
Ikon. — ^The deflectioa of a 
magnetic needle by a ■wire 

abontaeonrlncUnewfrB. Why Is mercury nnoil In this Biporlmont? MT. Dawrtbe 
the experiment which shows the revolntlon of a oondncllng wire anraod a fixed 
nuenat 908. What doea Fig. SIS lepmentt Seserlbe the expeiimeat with thU 




THE HKIiX. 

r wLieh an electric current is pasang, haa been do- 

Bcribed in § 900, If a bar of so-ft Iron la placed across such 
a wire, it becomes a. temporary magnet, as is bIiowh by ita 
attracting iron filings. A bur of Btcel so placed is made a 
permanent magnet. 

910, 2fte Melix. — ^Tho magnetizing power of the ■wire is 
greatly increased, if, instead of touching the bar in but a 
single point where they Fig. aw. 

j, it is wound a number 
of times spirally round the 
latter, as shown m Fig. 320. 
Such a coil of wire is called a Helix (plural, he[-i-ces). 

A helix miLj be familiarl; made bj iriailing some copper wire tightlj 
Touud a smuU bottle, and theu dr wiog the bottle oat. Ab the magnetiitng 
powur uf the Leiix iocreues with tlie nuinber of times that the electric cur- 
rent poBBos round the bar, eBoh lurti of the wire is pushed close up lo the 
one before It; and, to iticroBSD the cflcct Btill furtheF, BBTernJ coils or layers 
of wire any be formed, ono on top of uiother. Direct commuuioatioa be- 
twecu conlipiouB parts of the wire muat be prevented bj wmding silk or 
Fig 321. 



» 




pass through ita 

whole length. Fig. 

Bai rppreaenta a 

belli monoled oa a stand. An iron bar esteudiiig througli the centre ia seea 

projeoting at each end. 

911, Jtfaffnetizinff Power of the JTelix. — A steel bar* 
introduced within a helix becomes permanently magnetized 
the moment an electric current is passed over the wire. A 
needle laid inade of it is sometimes so powerfully acted on 

apiHinitns. Dm. What li the effii^t of a wlro o-vernhli^h a cnrrcnt I9 pawing on I bar 

^reatlf Increoaod f What 1b BDcb a coH of wli 

! Ia IhB Bffuot irf the bulbt inDrtBiieii I WLlh what la tlio wlfu oovotcd, oDd whyl 
What does Fig. Kil rapr>i9eut I 811. What la the effuct of a belli uu a ateet bat llr 



Its to be Ufiod up 
die of tlie belix, 
eition ia endowed 
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and held suspended in the lur m the mid- 
A bar of soft iron placed in the same po- 
with strong magnetic properties for the 
time, but instantly loses thorn when re- 
id, or 'wben t)ie current ceases to 
To bo magnetized, the bar must 
always be placed lengthwise of the helix, 
— that is, at right angles to the direction 
in which the onrrent is passing. 

&Mb elTecta of the helix ia 

uspensioD !□ the ur, without aiij visible sapport, 

heavy iron bv loade'l with veigbta. &. helix 

' ig of « verj long wire, (bmiing sercral eoila 

one upon anotber, v 1 charged bj a poncrful batlei^r, 

is held in a verticj poailioa, na ahown in Pig. 323. 

An iron bur braogbt within the helix jiisl at its base, 

will be tiftad up bair wsj intu it, BUd bald there in 

the centre of tba hollow cylinder, without touching 

es to pass. If pulled 

[town a little wuf, il inunediately springa bock lo ita 

fonner poBitioD. Tho moment the current Masea, tba 

bar falla. Wltb a powerful opparatus, a weight nf 

eightj- poanda haa been thus kept auspended in the 

A no loss iiileresting experiment, 
Bbowing the power of tlic helii, maj ha 
poribrmcd with the apparatua repre- 
sented in Fig. S2X. The helix. A, ia ia 
■ - - ag. B, Care two Bemi- 

clrcular pie«es of loH iron, having their 
:Ij filled to each other. 
When B and G arc bnmght together so 
as to form a circle, with one pair of their 
joined ends within the helix, thej are 

for each other that tno men can hardlj 



912. Ekctro-Magnets,- 

ekctro-nngnet toiiMsts of a, bar of soft iron withui a h 



F To bo nmpuill»ef1. how 
tho apparatoB 
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It ia stroilgly magaetic as long 
as a current passes over tlie wire, 
but losca its powur the momeitt 
the current ceases. 

The most povrctful electro-magnet ia 
madebj beudiagnbarof BoAiron ioCothe 
furai oT u liorse-shoo, aa abonn in Fig. 334, 
aod wiDding cJoaely round it a [urge quati- 
tit; of insuliUed copper niro ao ua to form 
a helii of aeveral lajora. The endB ofthe 
wir«. Z, C, are conocct^d with a powerful 
battery. A soft iron keeper, P N, connects 
the poles, having a hoot bcuBBth, to which 
weiglits maj bo attached. So strongly ia 
this Iceeper itltraclcd that an enormoua 
force ia reqoirod to sepuirtto it. An eleo- 
tro-mngnet prepared as above hoa sup- 
ported orer 4,000 pouada. 

B13. Electro-magnets furnish us with tlie most efficient 
means of magnotiidng an ordinary horee-slioo bar. The 
mode of using them for this purpose ia shown in Fig. 325, 





The cleetro-magnet ia applied at the bend, ooe pole on each nnn, and 
drBwn lowordti the extremities, N, B. This Is dooe several times on both 
Bides, when the bar is rendered permanently magaetio. To deprive it of its 
itiagnclio power, rovorae the process, by applying the poles of the eleotro- 
mapiet lo tbe cads N, B, and drawing tbem lowarda the band. 



fll4. ELECTRO-MAQXEnSM, AS A 

hnvo scon that an eleeti-o-magnet it 



MorrvB Powbr. — We 
instantly endowail vvilli 



lDFIg.833. ni. Ofwhntdi>esBn£lcotra-ini«nHtcDiiBldl> Uow le ths no 
fill oluctto-mnpnep mnilut Uow groat a wi'lght has lenn anpporled wlL 
([uotco-uiuguet r 318. Wlistls tbomuit cfllciant uiaiuu of niugnuUilng a 1 
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great attractive power for iron on being connected with a 
galvanic battery, and as instantly divested of it when the 
connection is severed. It may thus be made to impart 
motion to an iron rod, and through it to various kinds of 
machmery. So strong at one time was the impression that 
the enormous attractive power of the electro-magnet could 
be advantageously used as a mechanical agent, that the 
United States government appropriated $20,000, and Russia 
$120,000, for experiments on the subject ; and various ma- 
chines were contrived in which it was used as a motive 
power. In none, however, thus far invented, has it been 
found to approach steam in efficiency or economy. 

A boat 28 feet long with a dozen persons on board has been propelled 
against the current at the rate of three miles an hour by electro-ma^etic 
action. A locomotive engine has also been driven from ten to twelve miles 
an hour. But this is the utmost that has been effected, and in both cases 
the cost of keeping the galvanic battery in operation was much greater than 
that of producing an equivalent quantity of steam. The difficulty appears to 
\ie twofold. First, the attractive power of the magnet rapidly diminishes as 
the distance from it increases. Secondly, electric currents opposite in direc- 
tion to the primary one are excited in the moving machinery ; which, in- 
creasing in power with its velocity, nullify much of the effect of the magnet. 
Until these difficulties are removed, electro-magnetism can not be advan- 
tageously used as a mechanical agent. 

915. The Electro-magnetic Telegraph. — ^Although 
unavailable as a motive power, electro-magnetism bias been 
turned to practical account in the Telegraph, one of the 
crowning triumphs of human ingenuity. For this great 
invention as at present perfected, which enables us, almost 
with the rapidity of thought, to communicate with distant 
points, over miles of intervening land or sea, the world is 
chiefly indebted to an American — ^Samuel F. B. Morse. 

916. Morsels Telegraph. — ^The principles on which Morse's 
Telegraph operates are as follows : — 



har ? Describe the process. 914. On what principle may an electro-magnet he made 
to impart motion to an iron rod ? For what wore appropriations made by the United 
States government and Russia? What has been efltected with machinery moved by 
electro-magnetism? How does the expense compare with that of steam? What 
difficulties interfere with the nseflilness of electro-magnetism as a motive power? 
915. In what has electro-magnetLun been turned to practical acooont? To whom Is 
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1 . An electro-magnet may be alternately endowed with 
and deprived of the property of attracting iron by connect- 
ing and disconnecting it with a galvanic battery. 

2. The battery may be miles away from tho magnet. If 
wires connect the two, the eleetrio current will still be car- 
ried to the helix and produce the same effects. 

3. A person stationed near tho battery may complete 
and break the circuit at pleasure. As he does so, one end 
of a lever placed near the polca of the distant magnet will 
be attracted or released. When, it ia attracted, the other 
end of the lever, which is furnished with a point, is made 
to indent a strip of paper passed in front of it by machinery, 
vdth dots or dashes, according to tho time that the opera* 
tor by the battery keeps the circuit complete. If, now, 
different combinations of dots and dashes are agreed upon 
to represent cert^ letters, it is evident that a message can 
be commimicated from the one point to tho otlier. 

Fig. 326 represents Morse's recording apparatus. 




iiibtfi for tba TVle^ri 
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AB is the electro-magnet, connected with the distant battery by the wires 
L, M, which are raised on poles and insulated bj glass supports. G is an 
armature of soft iron attached to one end of the lever D D, so as to rest about 
one-eighth of an inch above the poles of the magnet. The other end of the 
lever carries a point or style, I, which is raised as G is depressed. A strip 
of paper, F, F, rolled on the spool E, is made to pass in front of the style, 
between the two cylinders G, H, by means of wheel-work set in motion by 
the weight J when the current passes. K is a spring, to pull down the end. 
of the lever bearing the style when the other end is released by the magnet. 
A striking apparatus was formerly connected with the machinery in such a 
way as to give warning to the attendant with the first motion of the lever ; 
but it is now generally dispensed with, as the clicking sound produced by 
the lever is found to be sufficient for the purpose. 

Instead of carrying both wires over poles from the electro-magnet to the 
battery, the earth is now generally made to form one-half the circuit. This 
is effected by carrying down the wire from the magnet, and connecting it 
with a metallic plate buried in the ground ; a similar plate must be buried 
where the battery is stationed, and a wire from the latter connected with 
it. If this is done, but one wire need pass over the poles to complete the 
circuit. 

917. The apparatus used by the operator where the 
battery is stationed, to complete and break the cirmiit, is 
called the Signal Key. It is represented in Fig. 327. 

By pressing on the knob. 

Fig. 827. the screws in which the wires 

^ — TZ^^^^^ ^® fastened are connected, 

/ / ^^^^^^^ ^^^ *^® circuit is completed. 

On removing the hand, the 
knob springs up, the circuit ia 
broken, and the current ceases. 
If the knob is kept pressed 
down, the paper at the other 
end is indented with a contin- 

. uous line; but by tapping on 

WMIIM^^^^^ it so as to form diffei^nt com. 

THE SIGNAL KKY. Wnations of dots and dashes, 

which stand for letters, and 
are understood at both ends of the line, a message is transmitted. Accord- 
ing to Morse's system, the following combinations are used to represent the 
different letters and figures : — 



operation. What was formerly connected with the machinery ? Why is it now dis- 
pensed with ? Instead of carrying both wires over poles from the electro-magnet to 
the battery, what is now the more nsnal arrangement ? How is the earth made to 
fbrm half of the circuit ? 917. What is the' Signal Key ¥ Describe it, and its mode 



morse's telegraph. 



■n 



Ta preient oonfugiDn, a. bqibU apaoe is left nSier SBCh latter, n longer one 
betweBD wards, and a Btill looger ono at tbe Dud of a BeDtonL'e. The opani- 
tera in telei^pb offioQS lieuome bo ttoilliirvith tliUalpbabet tbst tbeyun* 
deraUDd n measBga ^mn. tbe mom dliaka or the lever, and tbe paper and 
wbeelwDih that moveB it are now but little used. 

fllS, An electric citrrent ia tranamitted by a wire to a 
great distance, but not with undiminished power. When, 
therefore, the Btationa are very far apart, the electro- 
magnet is charged too feebly to make the style indent the 
paper. In this case, the wire fiom the origioal battery ia 
made to act on a very delicate armature, bo as to complete 
the circuit of a second battery placed near the machine. 
This Kelay Battery, as it is called, acta on the recording 
apparatus as described above, or transmits a fresh and vig- 
orous current to another relay battery. In this way lines 
of any length may he formed. 

As reloy batlerios do not interrupt the circuit, any number of tbcm may 
be placed at iaterrals along u line. Eucti may work a recording apparatus 
(if its own, and a giv^en caipmnuicBtioa may tlins be regiatered aimulliue- 
ciuly at A maltitade of different BtatiouB. 

Rilair batteries may be dispensed with by increasing tbe number of plates 
employed and distributing them in gninpB along the hne. It has been com' 
putcd that if ■ telegraph wire could ba carried round the earth, ISOO of 
Gro'e'a pint cups, distributed in equi-distanl groups of fiftjfin, would supply 
the gulranio pover fbr tbe whole distance. 



diva Ihe Rally Battery net 
ilystdHTHrantilalLoiiil V 
■nsjUr oups would supply Oie i 
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919. HooB^B and BairCs Telegraph. — Morse's appara- 
tus, having been first introduced and being very simple, 
has been more used than any other, both in this country 
and in Europe. Other ingenious instruments have been 
employed to a greater or less extent. Among these are 
House's Printing Telegraph, Bain's Electro-chemical Tele- 
graph, Hughes's apparatus, and Phelps's instrument, an 
improved combination of the best features of those of 
House and Hughes. 

House's apparatus is one of the most wonderful achievements of inrent- 
ive art. Making use of the electro-magnet in connection with ingenious xmd 
somewhat intricate -machinery, it enables the operator, by playing on twenty- 
eight keys like those of a piano (representing the twenty-six letters and two 
punctuation points), to print ordinary letters on a strip of paper at the other 
end of the line at the rate of about two hundred a minute. The great adyan- 
tages of House's system are that there is little or no liability to mistake in 
transmitting a message, and that the latter, being produced in Roman ci^ 
itals, need not be transcribed, but may be sent just as it comes from the 
machine to the person for whom it is intended. 

In Bain's Electro-chemical Telegraph no magnet is used. The point of 
the wire, which is stationary, constitutes the pen, apd rests lightly on a me- 
tallic plate, which is made to revolve by machinery. On this plate is placed 
paper which has been previously moistened with some chemical preparation 
decomposable by voltaic electricity. When the connection is made by the 
distant operator, the current passes from the wire to the plate through the 
paper, and in passing decomposes the chemical compound with which the 
paper is impregnated. The result is a deep blue spot on the paper, which 
renders the dot or dash visible, just as the indentation does according to 
Morse's system. As even a feeble voltaic current has the power of decom- 
position, there is not the same necessity for relay batteries on Bain's line as 
on either of the others. 

920. Submarine Telegraphs. — Submarine Telegraphs are 
telegraphs connecting points separated by water, in which 
the wire is submerged. The first successful telegraph of 
this kind was laid in 1851 across the English Channel, and 
connected Dover with the French coast. This was fol- 
lowed by several others; and in 1868, after jseveral nnsuc- 
ccssM attempts, a telegraph cable nearly 2,000 miles in 
length was laid across the Atlantic Ocean, between Valen- 

919. What other telegraph systems besides Morse's are in use ? What is said of 
ilouse's apparatus ? What are its great advantages ? What is th6 principle involved 
in Bain^s Electro-chemical Telegraph ? What advantage is there connected with this 
system? 920. What aro Submarine Telegraphs? Where and when was tho flrst 
oubmorlno tclcnranh laid ** In 1858 what great ontorpriso was carried through? De- 
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tia Bay, Irelitiid, and Trinity Bay on the coaat of Newv J 
foundland. It consisted of a group of aeyen copper w 
insulated and protected by a casing of gntta-percba, the ' 
whole surroundDd by strands of iron wire, and sunk to the 
bottom of the ocean, at a depth nowhere exceeding 2^ miles. 
After transmitting several meaaagca, this telegraph, owing 
to some fault in the cable, oi-ased to work, though obscure , 
aignals were from time to time received. In 18C6, bow*! 
ever, another cable was successfully laid, and we now havel 
regnlar telegraphic coojinuiucatioii between the oppositefl 
sides of the Atlantic 

921. mstory of the Telegraph.-~T\vi fact that frictioni 
electricity could be conveyed by wirea to a great distanoi 
was known more than a hundred years ago. Franklin, i 
1748, set firo to alcohol by moans of a wire from an elec 
trical machine carried across the Schuylkill River. Tb« 
first attempt to transmit a communication by electrlcitjv 
however, was mado in 1774 by Le Sage \iuh Bakzh\, i 
Frenchman, at Geneva. 

, Le Sage uaed twenty -four vires insulnted in glass tubes buried in tba 
esrtb, each orwbieli repceseuted a, letter of the Frenoh nlphsbot. The wires 
were eonneoted witli an electrical macbiae in the order nQCaBauy to spell out 
Hie words, uid eloctrosoapos attached to tbom at the other ead indicated UtiS 
order bj their successive divergeace to an attendant alationod there. 

922. Volta's discovery in 1800 ftn-nished a far more c 
cicnt agent for telegraphic communication than friction^ 
eleotrioity, and was followed in a few years by a plan for a 
electro-chemical telegraph, requiring tbirty-five wires, t 
represent the different letters and figures, and to «ct 1 
tlie decomposition of water. 

The great discovery of oleotro-magnetism in 1818 callet 
forth many new Buggeal ions, — among others, the use of thej 
deflections of the needle as signals ; but none of the plat 
proposed were practicable on a large scale. A more pe 

BirilistbiiAtlaotfcinible. Hnw did [I aacccadl When wu tbo pmesnt cabh laid 

B;,'r>r WbntFxpcrlmenl was pcrhimicd b;- Franklin la IT4ar Wbo nude tba Bnt 
sttenpLtutransinltaincBaagetiyeleiitTlelt;! OcauibcIhopbuiofLDSigo. Be£. B; 
nbat waa tbo dlsoorerr of voltaic ekctildty IbUovf od * Wbat aaggevUaaB woro oiUad 
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manent galvanic power was needed ; and this wax not 
plied tin 1836, when Daniel! brought ont his constant 
tery. The appearance of this battery and the improvi 
electro-magnets prepared by Prof. Henry, was followed in 
1837 by the invention of apparatus for transmitting and 
recording coramnnioationa, by Saraael F. B. Morse, who 
had been experimenting on the subject for five years. Ap- 
plication was at once made to the Congress of the United 
States for aid to construct a line of sufficient length to test 
the invention; and after discouraging delays, in 1843, the 
Bum of $30,000 waa appropriated by that body, with which 
a line was established between Baltimore and Washington, 
a distance of forty miles. The enterprise was crowned wi' 
complete Bucoess ; and the first news transmitted 
proceedings of the democratic convention of 1844, th* 
attting in Baltimore, by which James K, Polk waa noi 
nated for the presidency. 

So manilbld were the ndvintagos i>f telegraphic commimicatioa, that im- 
mtdUtdlj on the aooouDcament of Moree'a enocess cooipaQiBa wens fonned, 
Btid wires were soon Man IhreBding the countrj in aU dlrectiona. The ra- 
rioufl llnca now (1871) in operation in the United Slates and Britiah Prov- 
inoeB mBVo h total of about 68,G00 mUea, on niDe-tDHtha of irhiob MorM'i 
Rpporotiis iBUBcd.tliat of Hughes and Fhelps being abiefl; employed on the 
ramainder. With Morse'a inatnimenta aboat 9,000 lettora may bo U 
nutted in an boor. The east of ooDBtmctian aversges about $160 a Bale. .!j 

The some year in which Morae perfDcted Mb inrention (1S3T), plang S 
telegraphic comtnuDJcatioii based oa the doflectioda of (he Deedle were n 
nounccd bj Wheatstoce in England, and Steinheil [itia^'Mle}, a Qerman'' 
pbiloaopher, to whom the discovery that the earth could be made to com- 
plete the circuit seema lo be duo. They are therefore aometimes niBiitioned 
as entitled to ibare with Morse the honor of bis great inrenUou. Their sys- 
temfl, however, were but madificatioas of whafhad been proposed some Jeora . 
before ; though practicable, they could not compete in rapidity of opecMionJ 
with Morse'a, and cocsequeutly nerer came into general ui 

923. ELBCTBO-MAGNEnc Clocks. — American ingemdtj 
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some meohanieaJ contnTano^ 1 
rauic oireuit. Wilh Moraa'* 
ID a strip of puper passed In 
igaal-key coniiGcled with Ibe 



or distent clocks, b^ m 
is itself connected wilii tt g»l- 
sed Bod broken b; all the pen- 
: pendulums with the bauds nf 



d electro-magnetiBin to the 
intervala of time and the regulation 
of astronomlcial obaervationa may thi 
precision to the tenth of a second. 

Tbe pendulum of It cluck, far inBtince, is, bj 
mude bj iU ribratiana to cIosa and break a ga 
apparatas, each Tibratian is indicated bj n dot 
I'rant of the style. If noir on observer hava s i 
same circnit, by depressing it the instant a s( 
his telescope, he pctmatjently records its tranai 
iatermediale between two vibration-dots, the e 

924. By the same agency a number of clocfea may b 
made to keep uniform time. 

Tbia is effected by connecting any nnmhi 
wires, »il)i one staadard time-piece, whici 
TOnic battciy, — so thitt the circuit may be c 
dnlums gunaltaneauBly. WheeU connect (J 

the clocks, which are thus made to move witb perfect uuiformity, 
rnilroBd companies use nn arrsngemcnt of this kind to m^e the clocks at 
their different stations keep time together. 

925. Electko-magnetic Fikk-alaem. — ^The princaple of 
the telegraph haa been nscd for raising a simultaneous alarm 
of fire at a. number of different stations connected with one 
principal station by wires. By completing and breaking 
the galvanic circnit, an attendant who Is constantly on watch 
at the principal station, and receives his information by tel- 
egraphic signals from the district in which the fire v 
tected, strikes alarm-bells at the various distant stations iivj 
certain number of times, according to the number of tiy 
district in question. Such an arrangement has been u 
in Boston witli great success. 

926. The Helix, a magset. — The helix, when travers 
by a current of electricity, not only has higb i 
powers, as we have seen, but is also itself a magnet. 

WliBllsBsldoriliairclalDis? 9Sa, To what hu Amerloan iagonnlty sppUefl uIq 

od. OH. Hdw may a nambui of doctfl be made to kcop nnlfDnn time by meaia 
olMtrD-nia^gtiein ! 9SS. For what ban the prlnslple of the telogniph boon ok 
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suspended so as to allow it freedom of motion, it points 
north and south, and dips like the magnetic needle. So, 
like poles of two helices repel each other ; unlike poles at- 
tract each other. 

Even when not bent in the form of helices, two wires traversed bj elec- 
tric currents, if brought near each other in parallel lines and free to move, 
exhibit mutual attraction or repulsion. When their currents move in the 
same direction, they attract each other ; when in contrary directions, they 
repel each other. 

Magneto-electricity. 

927. Not only is magnetism developed by. electric cur- 
rents, but electric currents are produced by magnetism. 
That branch of science which treats of electric currents so 
produced is called Magneto-electricity. 

The phenomena of magneto-electricity, like those of electro-magnetism, 
go far towards proving the intimate connection between electricity and mag- 
netism. 

928. Experiments. — Connect the ends of wire from a helix with a galva- 
nometer. Then quickly thrust into the helix one of the poles of a bar mag- 
net. The needle of the galvanometer is at once deflected, showing the pas- 
sage of an electric current over the wire. If the opposite pole is introduced 
into the helix, a current passes in the contrary direction. 

Within a helix place a soft iron bar of such length that each end may 
project a little. Over its ends bring the poles of a horse-shoe magnet, so 
suspended as to have freedom of revolution. On turning the magnet rapidly, 
the poles of the bar are reversed twice for each revolution, and an electric 
current is produced on the wire, as is shown by a galvanometer attached to 
it. This principle has been applied in different magneto-dectric machines, 
with which water may be decomposed, platinum wire heated to redness, 
sparks produced, shocks given, and other experiments performed. 

929. The Magneto-electeic Machine. — Fig. 328 rep- 
resents one form of the Magneto-eleotrio Machine. 

S is a compound horse-shoe magnet supported on three pillars. In front 
of its poles, and aS near as it can be brought without touching, is a bar of 
soft iron bent at right angles, and surrounded with several coils of insulated 
copper wire. The ends of this wire are pressed by springs against a con- 
Prove that it renders the helix magnetic. What phenomena are exhibited by two 
straight wires traversed by electric currents, when brought near each other ? 
927. What is Magneto-electricity ? What Is said of its phenomena ? 928. What is the 
first exi)eriment Illustrative of magneto-electricity? The second experiment ? In 
vrhat is the principle here described applied ? 929. Describe the Magneto^leetrio 




ducting metallic plnte, cotiuecteil bj njrea puaeitig under the stnnd with 
bcrisw-cupa A, D, The Boft iron ariaature j iist dGscribei] Is monntcd oi 
BXis which is made to rOTolio bj a, wheal twped by a hiindlu. Tha hBndIa i 
being rapidly turned, enoh hulf-rcTolulioD of the ai 

ities acaroppoailA polea of the magnet, thaa ravcraing ila palarity, and pro- 
ducing a gtroug electtio ourrant on the wire. If eiuali copper cylinders 
attached to the wires sre grasped one in each band, u utiovn iu the figure, 

re shocka are received, and tlie musolea are bo cautnioted th 
it is aloioBt iniposHible to open the hands nod let go tho conduclore. 
MacliiDes uf this kind, adapted to medical use. baTO been foond 

lutnatisni, dyspapsiB, spruina, Derrous diaaoses, Ac, < 
correat being made tu piuss Llirougb the diseased part 

OiamagueUsin. 

030. Expcrimenta witli powerful electro-magnets sliow 
tbat almost all snbstiuicea aro Busccptiblo of tnagiieUc in- 
fluence. Some are attrautcd by the magnet ; others, re- 
pelled; TvliUe a few arc not acted on at all, though when 
more powerftil niagneta shall bo made they will probably 
be found to fall under one of tho two prei'ioiis classes. 

Hence arises a throe-fold division of boilies, 1. Mag- 
netic botlies, or sneli as are attracted by an electro-magnet. 



reptuMOtKl In Fig. 9M. 



e of ojicratlun. What la U» sAxit ot 
lose liutiiwn uudnurmneliiaesaf thU 
shown hy ejiwrirnnata with poworful cloclro-nugnuli I 
which buUoa urn dlrlilud with nilbreDoa to I)k laOaama 
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2. Diamagnetic, or such as are repelled. 3. Indifferent, or 
such as are not acted on at alL 

Fig. 8S0. The difference between these three classes 

of bodies may be illustrated with the apparatus 
shown in Fig. 829. N, S, are the poles of an 
electro-magnet, which is connected bj the wires 
C, Zy with a galvanic batterj. A bar of iron, 
nickel, cobalt, manganese, or other magnetic 
substance, suspended between the pc^es so as to 
move freelj, will come to rest witii its ends as 
near them as possible, in the position II. On 
the contrary, a bar of bismuth, phosphorus, zinc, 
tin, or other diamagnetic substance, similarlj 
suspended, will be repelled and come to rest at right angles to the position 
just described, as shown hy the dotted line, — with its sides opposite the poles 
of the axis and its ends as far from them as possible. Similar attraction and 
repulsion are exhibited if the substances ai^ presented to either pole sepa- 
rately. An indifferent substance will remain in any position in which it is 
placed, being neither attracted like the iron nor repelled like the bismuth. 

Similar experiments may be made on liquids and gases by enclosing them 
in tubes. It is thus found that oxygen is magnetic ; water, alcohol, ether, 
and the oils, diamagnetic. 
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CHAPTER lYIII. 

ASTRONOMY. 

931. Astronomy is the science that treats of the heav- 
enly bodies, — their motions, size, distance, &c. 

By the heavenly bodies are meant the sun, the moon, 
stars, planets, and comets. 

932. Astronomy, as it is the most sublime, is also the oldest of sciences. 
The shepherds of the patriarchal age, tending their flocks by day and night 
beneath the canopy of heaven, naturally directed their gaze to the brilliant 



exerted on them by electro-magnets. Define each. Xllustrate the difference be- 
tween these three classes with the apparatus represented in Fi?. 829. How may sim- 
ilar experiments be made on liquids and gases? What gas is found to be magnetic? 
What liquids are diamagnetic ? 

981. What is Astronomy? What are meant by the heavenly bodies ? 98& Who 
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orbs wilh wtuDh it ia studded, obBcrved Choir motiong, and thna becune the 
first aBtroDomerg. Chaldeaa obseivatioas are said io extend back to nithjn 
a hundred jearjj of Ihe floud. The UhinDse, also, paid great attention lo this 
BciericB in rflmole antiquity. Wb lire told that more than 2,000 years before 
UiB hirth of Christ, an emperor of China put lo death his two chief astrono- 
mera for nut predicting an eclipse of the sun. 

Destitute o( the admirable iastrumeiits which modem science boa pro- 
daced and used.with signal auccosa, tbe ancient aatronomera of course erred 
in many of their cnnelusioDS. Wo can only wander that they obtained aa 
much kooirledge aa tbey did respecting the bearenly bodies. 

833. To unfold the principles of aatronomy at length 
wonld reqniro a Tolunie, and to understand them thorough- 
ly, a knowledge of the higher mathematics is essential. We 
cam here present only such leading facts as wiU serve to 
give a general view of the science, 

934. FtrNDAMENT4L Facts. — ^The great fects established 
by the researches of astronomers are as follows : — 

1. Space ia filled with worlds. i 

Looking up into the heaTens on a clear night, wc see them all around at. 
The telescope rereals milliona. There arc no doubt miUiooa more too remota i 
to ba seen at all, and others which from being Don-lnmiooua escape onr yis- 
ioD. PoverfuHostruiDcnta reach (u pointa fh)in which light, trsTeUIng as it 
doe« with the enormous Telocity of 1S5,0W) miles in a second, would be 00,000 
years in reaching u», and IbronghoDt the whole of this vast field worlda ara 
eTotywhere scattered. We can bnt infer that the regiona to which man's eye 
has DOver penetrated are eimilariy studded ; and that, if an observer conld 
he transported to the remotest star risible Tvith hia telescope, be would aee 
spread before him in the same direction a firmament no teas rich and splendid 
than that which be beheld fiom the earth. 

3. These worlds are divided into systems, the members 
of whioli are bound together by mutual attraction. Each 
system has a central sun, round which the other members, 
called Planets, revolve. "Wliile this revolution ia going on, 
the suns themselves with their respective planets move 
abont a common fixed central point. 

3. The stare that we see twinkling in the sty are suns. 
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The planets that we suppose to revolve about them are 
non-luminous, and therefore invisible. 

4. Some of these planets have satellites or moons moving 
around them, and with them around the sun of the system 
to which they belong. 

5. The Earth, which we inhabit, is a planet belonging 
to what is known as the Solar System, of which the Sun is 
the centre. The Earth is attended by one satellite known 
as the Moon. 

The Solar Sy§teiii. 

935. The Solar System, as at present known, consists 
of the sun, its centre ; oijc hundred and thirty-four planets 
revolving round it, of which one hundred and twenty-six,, 
on account of their small size, are called Asteroids (star- 
like bodies) ; eighteen moons revolving round the planets ; 
and many thousands of comets, the exact number of which 
is unknown. 

936. That the earth and other planets move round the sun, was taught bj 
the philosopher Pythagoras about 600 b. c. Deceived by appearances, how- 
ever, the ancients generally rejected this theory, and believed the earth to be 
the fixed centre of motion for all the heavenly bodies. Some made the plan- 
ets revolve round the sun, and the sun carrying the planets with it to move 
round the earth. The Egyptian astronomer Ptolemy supposed the universe 
to consist of a number of hollow spheres arranged one within another, and 
appropriated respectively to the sun, the moon, the planets, and the stars. 
The earth, according to Ptolemy, was at the centre of these spheres, which 
turned round it from east to west every twenty-four hours, carrying the stars 
and planets with them ; being of crystal, they were perfectly transparent, 
and the inner ones did not therefore obscure the more distuit luminaries 
seen through them. 

These theories, particularly Ptolemy's, prevailed till about the middle of 
the sixteenth century, when the Prussian philosopher Copernicus revived the 
teachings of Pythagoras, and established what is called from him the Coper- 
nican System, which is now acknowledged as the true theory of the universe. 
Fearing the prejudices of his fellow-men, Copernicus withheld his system 
from them for some years. His great work, in which his views were embod- 



in tho sky? Why are not their planets visible? By what are some of the planets 
attended? What is the Earth? By what is it attended? 935. Of what does the 
Solar System, as at present known, consist ? 936. What was Pythagoras's theory of 
tho universe ? What was the belief of the ancients generally ? Give an account of 
Ptoloiny^B theory. By whom and when was the true system revived ? When was 
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1«1, was finnJIf published in 1S13, just ui time for a copy to be placad in his < 
liimda on bis dcalb-bed. 

The Copcraican sj-stem at Brat met irith bat raoderata fBTor. Its Irulb, 
ImWGver, vna catabliahed by Qalilea, nhose DluGmLtions vith the Duwly- 
invented toleacope afforded hiin iocaatniyertibia arguments in its favor. Yet 
the advocates of the old systani were detBrmined to close their cytiS. On 
Galileo's mmouncing the discovery of four moous about the planet Jupiter, 
tlicy denied the poBslbility of tlieir exiBtenco ; and nhcn be urged diem (o 
look for thomaelTes through his tclaacope, thay refused to hnre anything to 
do with an instmment thej- despiaed. An astronomer of Floreooe grafelj 
argued thut as there were on!; seven Oipertures in the head — tiro eyes, two 
3, two nostrils, and one mouth — and us there were only levea, mctBls, i 
rn days in the week, ae there could be only a^ert planets- As there w 
principal planets uad oae moon then known, the Dumber was complete, ' 
and Oalileo's pretended planets must be imposBibilities. — But such absurd J 
umsnts oould not long obscure the light of truth. 

93r. The Sun {©).— The Sun, the great BOnrce of light ] 
and heat to the planets, is the centro of the solar syatern. 
is an immense globe, seven handred times as largu as all its ] 
planeta put together. Its diameter is 852,000 miles. Placed! 
where the earth is, it would fill thcwhole orbit of tho moon, 1 
and extend 180,000 miles beyond it in all directions. Its 
volume is nearly a million and a quarter times as great as i 
tho earth's, and it contaius more than 300,000 times as | 
much matter, 

938. Solar Spots. — Viewed through a telescope, the sun 
looks like a globe" of flre. Its surface, however, is not al- 
ways wholly luminous, A number of dark spots, surround- 
ed by a lighter shadow, are at times scattered here and . 
tlieri3 within a zone extendiug 35 degrees on each dde of J 
t!io solar equator. The number and sisw of these spots! 
differ at different times ; for, wiiile some last a couple of I 
montlis or even longer, others change their form from day I 
to day. They have been knowu to. vanish almost instantly I 
and to appear as suddenly. Some years none at all ara J 
visible ; in others, as many as 200 are seen at once, eovtir-J 

Ihe work of Cipcrnlaiis relntliig to this subject pabllihsil t Br whnm wu 
tho Cgpernloan lyBtem estiibllaherK What wora tho argainunls wftli wl 
wismutr >ST. What 1b tbe Sunt How greal^ tB I(.B Olnmatsr T Planeilwhe 
[a, iiow lir wunld iteilnnd! How duos Its Tolome oumpwe willi tho e 
nultur I 33S, How dnea tlia nan louk. whun vlswed tlimagh > telewvipe ' 
Uw qwti irhlcU ua Bometbues Tiiiblo. Wlut is said or their nuiabur aiids 
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ing so much of the surface as materially to diminish the 
quantity of light emitted. 

By comparing a number of observations on the solar spots, we find that 
they are subject to periodical increase and decrease. They become larger 
and more numerous for a certain time till they reach a maximum, after which 
they gradually diminish, till all disappear, or nearly so ; new ones then be- 
come visible, and go on increasing during the same period as before. This 
period seems to be a little over eleven years. 

Spots have occasionally appeared of such size that they could be readily 
discerned with the naked eye. One thus seen for a week in June, 1843, must 
have been 77,000 miles across, or nearly ten times the size of the earth. 

Astronomers have tried to account for the solar spots in various ways. 
The prevailing opinion is that the light received from the sun comes from 
a luminous surface, called thephotospherej consisting of various incandescent 
substances, the vapor of which forms an atmosphere of great height sur- 
rounding the photosphere. It is thought that the spots may be due to the 
absorption of the solar light by a greater thickness of atmosphere in certain 
places ; or, what is more likely, that they are portions of a less bright 
surface beneath, exposed to view when the luminous surface is opened by 
periodical upward currents or some other natural agency. The disturbance 
of the luminous surface, by whatever it is caused, is most frequent near 
the solar equator. — Peculiarly bright streaks of light, oalled factUcBy are 
often found near the spots or where they have just disappeared. They 
are supposed to be the ridges of vast waves in the luminous atmosphere. 

939. Constitution of ths Sun. — ^The sun's density is 
about one-fourth that of the earth. Respecting its interior 
constitution nothing is known; but examinations of the 
solar spectrum with an instrument called the spectroscopCj 
show that the vapors of several metals known on the earth 
are present in its atmosphere, and that these metals are 
therefore in its photosphere in a state of incandescence. 
Among the substances thus detected are sodium, iron^ 
magnesium, copper, zinc, calcium, and nickel. 

940. Motions. — ^The more permanent of the sun's spots, 
if observed from time to time, are found to change their 
position on its disk, or face. First becoming visible on the 

is found by comparing a number of observations on the solar spots? What is the 
length of the period f Of what size have spots occasionally appeared ? What was 
the diameter of one seen in June, 1848 ? What is the opinion of astronomers re- 
specting these spots ? What tLrefaculas ? What are they supposed to be ? 989. How 
does the sun^s density compare with the earth^s ? What has l>een discovered re- 
specting its atmosphere and photosphere? 940. How is it proved that the auf 
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east Bide, they gradually move towards the west, and i 
about thirteen days are lost from sight in that direction. J 
After a similar period they reappear in the east. Thia \ 
phenomenon shows that the sun tufus on its axis from 
west to east ; its revolution ia performed in about 26 daya, 
8 hours. 

Besides turning on its axis, the sun, attended by its ' 
planets, moves at the rate of 8 miles a second in a circular J 
path round a centre far off in the fields of space. So vast I 
is this path that it will take the sua 1 8,200,000 years to get j 
once completely round it. 

941. 77i£ Zodiacal Light. — ^A faint fight, shaped hi 
Biigar-Ioaf, is sometimes seen stretching obliquely upward ] 
in the heavens, from 70 to 100 degrees, from that part of J 
the horizon where the sun is about rising or has just set. 
This phenomenon is known as the Zo-di'-a-cal Light, It is I 
brightest and most distinctly defined in tropical regions, 1 
where it is visible most of the time. In high latitudes it is 
seldom clearly seen, except during March and April just | 
after sun-set, and in September and October immediately 
before dawn. 

Some hnvo anppoaed the zodiacml light lo be an eipnnaion of tho e 
atmospbere ; otiiern, a thin vapor, charged \ritli mabter from bhd tail 
GomatH, of whluli the sua'a attr&atlon has depnTed (hem : others, iigaiG, 1 
thnt it is n remnaiit of Uin origmaJ mutter of vhich both BUn and pluieli I 
ware formed. The Inteat theory U, thnt it is produced by oountlesa met*- 1 
ors, revolving rouud the bud, and oombinlng to rofloot its light to our e 

The Planets. 

943. By the Planets of the solar system are meant those 
heavenly bodies tliat revolve directly about the sun in ob- ] 
long carves, and shine by its reflected light. 

The word ;jfane*«iJQOreel! means "awauderer", Bud the bodies in ques- 
tiou are bo called In coatradiatinotiou to tho fixed atara, irhich keap tjie Bame 
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jKiaition ID the hcoTeas relatiTe 
uluia arc eaail? diatiDgiuBbed ; I 
twinkle. 

943. The moons are eometimea called Seconilary I 
eta. In that case, tlio bodies that revolve directly a 
the sun are called Primary Planets. 

044. The planets are also diatmguiBhcd as Inferior a 
Superior. The Interior Planets are those that are nearer 
to the BU!i than the earth is; the Superior Planets are those 
that are farther from the sim than the earth is. 

945. OuuiTS OF TUB pLANETs. — ^Thc path of a planet 
round the sun is called its Orliit. The planets being at 
diiferent distances fi'om the sun, their orbits differ iii length, 
though they are similar in shape, 

946. The planetary orbits are not circles, but oblong 
uurves called EUipaea. Heooe a planet is nearer tho sun i(i 
one part of its course than in another. That point of its 
orbit at which it is nearest tho sun is called its perihelion 
(plural, perihdiii) ; that in which it is farthest from tho sun 
ia its aphelion (plural, aphelia). WTieu a planet's di^nce 

Fig.3S0. from the sun is spoken o^ its mean dis- 

tance is meant. Tliis is obtained by add- 
ing its greatest and least distance to- 
gether and dividing by 2. 

Theao doEnitiona aro ilhialmtud in Fig. JSO. , 
ABP C represents on (ellipse. 6 is the suu, siln- 
Dti^d not BttbccontmortlieGllijilW, bulntoueoftwo 
puiiiLs witliiu it colliid /si-i. P aliowH tlio posilioD 
of iL jiluuet at its periheliaa, and A. al ita aphelion. 

Ttie orbits of the plimcts liu in different plane^ 
more or less liiclistid to eucb otbtr. 

947. Besides their revolution round the sun, the planets 
Lave another motion round their own axes. The time that 




can tho plans 


t«iui<ltba 


Bxaditon 


be tuld apart 


DJS.'Whilt ctmBlttnlEe the^lfai^ 


eow botwetn 


Frlmor)- 




PlancU ! 


B4t. Bu 






l.lVhflt ii 


a plttn.it' 




t? »4K. Whutls 


ihi. Bluqw at Iho plonolar)- 


■Muy Wh 


tli.pkn 


nfa rcrili 




I ApliiOl 






U.e Min la sp< 


kon of. «b 






Hnwia tl 




distanM ..bUliiiwlf tUlu- 


IruU thtM 1 




wit:. Fif. 




Wb»t 1 


toldo 


thu plums or die ortlb* 


Wr. WbBl PtliuT motl. 


n httvu tb 


pl 






raToIutlun round the aunt 














m 



Fig. 883. 




ASPECTS OP THE PLANETS. 370 

968. QuaiXfature. — ^Two hoavenly bodiea are said to be 
in Qiiadratore when they are 90 degrees a]>3rt ; that is, 
when, if either were placed on the other's orbit at a [joint 
corresponding to its position on its own, the arc between 
them would subtend an angle 
of 90° at tiie focus. Thus, 
in Fig. 333, E represents the 
Earth, and Q Mara in quad- 
rature. In almanacs and 
astronomical works, quad- 
ratiire is denoted by the 
sign □. *J 

95 fl. Conjunction. — Hea- 
venly bodiea are said to be in 
Conjunction when they are 
seen in the same quarter of 
the heavens. Thus, in Fig. 
333, Venus (V), the Sun (S), 

and Mars (N), are in conjunction, being in the same direc- 
tion from the Earth (E), Conjunction is denoted by the 
sign i . 

CoDJunctions ore of two tdoila, Bnperior uid Inferior. A plinst U in Su- 
perior Conjnnotion when it is in cDEJunction on the opposilo aids of (he aun 
from Hie Earth, »a Venus at W, and Macs at N. Aplnnet Uin Inferior Cwi- 
Jnoction when it is in coi^unction on tbe someaidoof theSun aa theEartti is, 
an Tonua at V, It is erideut Ibat the saparior planets con never be in iufe- 

900. Opposition. — Two heavenly bodies are said to be 
in Opposition when they are in directly opposite quarters 
of the heavens. Thus, in Fig. 333, Mars at M and the Sun 
(.S) are in opposition, because relatively to the Earth (E) 
they he in opposite directions. The inferior planets never 
appear in oppotdtion. Opposition is denoted by the sign s . 

iro Uio three prinolpol nspcola? BOS. When are two IcBvenlj- boillcs uldio be In 

In CuitjimcUon! Dlnstmts with Flj;. 333. Qow many hinds of mnjamitlaiii *iw 

Monf TowhjtplancUltlnflinorBimJnnctioiiconQdortf MO. When «re Ivtu hosv- 
■nlrhodieaBildlvlwiiiOi.iJOaltiaii! llliulmtiMi'Ith Fig. SS8, DSL Wlut Is mamt 
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mar, who bj & series of cal. 

950. BoDE'a Law. — By comparing the distances of ti 
planets from the sun, Bode [ho'-da\ arrived at the foUowidj 
law ; — Take the geometrical progresaion 

3 6 12 24 48 OS 192 384, 
each term of whioh (after the second) is obtained by douT)-; 
ling the preceding one. To each term add 4, and we got 

4 7 10 16 28 62 100 196 388. 
The distances of tho nearer planets are approximatoly j 
portioned to these immbera. That is, Mercury's distance fl 
ing 86,890,000 miles, Venus'a will bfl J as mach, the E 
y ; &c. Bode'a law, however, doea not apply to Satni 
TTranns, and Neptune. They are all, i>articularly tile Ia| 
much neai-er tho sim than this law would make them, 

951. Fig. 331 shows the comparative size of the plan 
The asteroids are too small to appear on this scale. 

Fig, sai. 

rii r i I f 




Hei'BClid OSes tho Billowing ill ustrntioo to give an Idas of Iha relatire sixe 
•f lliH iilftneta and Iheir orbits: — "CbooBO any well levalled field or bowling- 
green. Oti it place B globe two f^et ia diiuncter; Ibis will represent the Sun 
Mercury wiQ bo rapreaeotod by a grain of nmatard-aeed, on the cimamforencB 
of a circle llil ftet in diameter for its orbit; VcnuB a pea, Da a circle of 934 
feet in diameter; the Earth olao a pea, on a circle of 4S0 feet; Mara a rather 
large pin'a head, on a circle of B51 feet; the Asteroids, grains of sand, ii 
Drbitfl of fhjm IDOO to ISW fbet ; Jupiter, a moderate-sized orange, in a 
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DCBrlf half ■ mite o^nus; Satura a small orange, OQ a dnrle offoar-firtlis 
ofamile; UranuB a full-aizod chorrj, arsmul] ptum, upou the circuoiferenca 
of a circle moro limn a mile and a half; and Ncptuue a good-aized plnm, 
on a circle about two miles and a half in diameter," 

052. Kkplbk'b Laws. — The laws that regulate the plan- 
etary motions were unknown till t!ie oommenoenieut of the 
soventeenth century, when, after a long and careful com- 
parison of numerous obBervatioae, they were discovered by 
John Kepler, a celebrated Gertnan astronomer, who thus 
won the title of "the Legislator of the Heavens". Kep- 
ler's laws apply to the moons in their revolutions about 
thoir primary planets, as well as to tbo latter. 

953. Jihpler^s Mrst Jmib. — The orbits of (he planets are 
ellipses having one focus in common, and in this common 
focus the sun is aiiuated. 

Tlte principal fbrcea acdng on the planets are the suq's altriLotinri and the 
original force of projectioa. Tbeae forces oIodd would cause each plauel to 
move about the sun iu a perfect ellipse. Tbo attraction uf the otber hcBTeuly 
bodiea, however, produces Perturbotioiu, aa thejr are called, and tbus eacb 
orbit constantly deriatea in a slight degroc from an ellipse. 

The ellipses described b/ the planets diSer IVom circles in difibraat de- 



□f Ucrcni}- and sereral of the u 
Uioseof Ntptuno and Venus are nearly circular. 

854. J^epUr'a Second Laui. — The 
JiadiuB Vector of a planet passes over 
^fguai areas in equal limes. 

The Radios Vector is a line con- 
necting the centre of a planet, as it 
traverses its orbit, with the centre , 
of the sun. 

Thus, in Fig. 383, tha lines Si, SB, 8C, 
Ac, represent the radius Tector of the planet 
there tratursing its elliptical orbit. The whole 
space included within the orbit is divided into 



■olds dcTiate a 





i, ,, 
















IllM 


oflh 


rolBfly. Bl 


B of the plunsta. 


m 


WliSB 


wen the 


laws that reitulote tha 






oHons ant 


uiown( Br* 




m th« 


dlwov- 


ered! TovhatdoK 


nlur 


Uw 




. RtpMit Koplo 


■a First Law. 


Howli 


tli« Blliptlal Ibrm ol 


len 






What le Hid n 




llpses 


;wrib6d 


ftyllieplsBelst Wh 


rihn 




lits dovlat: 










TeryWtleJ iIBi Wlal Is Kepler' 


Se»>iiilLi>w! Wbitlathe 

M 


1 


Teoto 

■ 


■ 




382 ASTRONOMY. 

Mercury's orbit deviates from a circle much more than that of any other 
planet, the asteroids excepted. This circumstance, combined with the incli- 
nation of its axis to the plane of its orbit, must produce a great yarietj of 
seasons, and extreme changes of temperature. 

966. Venus (j). — ^The second planet from the Sun is 
Venus. On account of its nearness, it appears larger and 
more beautiful to us than any other member of our planer 
tary system. So bright is Venus that it is sometimes visi- 
ble at mid-day to the naked eye, and in the absence of the 
Moon casts a perceptible shadow. 

Being an inferior planet, Venus is never in opposition 
to the sun, and is always below the horizon at midnight. 
During part of the year, it rises before the Sun, and ushers 
in, as it were, the day ; when appearing at this time, the 
ancients styled it Phosphor or Lucifer {the light-bearer)^ and 
we call it the Morning Star. During the rest of the y^ar, 
it rises after the Sun ; it was then styled Hesperus or Ves- 
per by the ancients, and is distinguished by us as the Even- 
ing Star. 

In size and density, Venus ranks a little below the Earth. The great 
inclination of its axis to the plane of its orbit must make a great difference 
in the relative length of day and night, and subject its i^lar regions to 
extreme changes of tomperaturo. 

Venus's heat and light are twice as great as ours. So intenae is its 
brightness that variations in its surface (if indeed its surface is not hid from 
us by a cloudy atmosphere) for the most part escape detection, every portion 
of the disk being flooded with light. Tet spots have occasionally been seen 
on its surface, and mountains have been observed having an estimated height 
of from 15 to ^0 miles. Venus's phases, when viewed through the telescope, 
are similar to those of Mercury and the Moon ; but it never appears ex« 
actly full, being invisible at the time when this phase would otiierwiae be 
presented. 

967. Thb Earth (®). — ^The third planet from the Sun 
is the Earth, which we inhabit. 

The form of the Earth is that of an oblate spheroid, — 



What is stated with respect to Mercury's seasons ? 966. What is the second planet 
m the Sun ? IIow does it look to us, and why ? What proofe have we of Venus's 

brightness? When is Venus called the Morning, and when the Evening Star? How 
oes the siao of Venus compare with that of the Earth ? How do ita heat and light 
omparo with ours ? What have been observed on Venus's surface? What phases 

floes she present?' 967. What is the third planet from the Sun? What is the form 



AaPKCTS OF TIIE 



953. Quadrature. — ^Two heavenly bodies are said to be 
in Quadrature when they are 90 degrees apart ; that i 



the other's orbit at a poiut 
on its own, the arc betwueu 




when, if either were placed 
corresponding to its position 
them would subtend an angle 
of 90° at the focus. Thus, 
m Fig. 333, E represents the 
Earth, and Q Mara in quad- 
rature. In almanacs and 
astronomical works, quad- 
rature is denoted by the 



059. Conjvnction. — Hea- 
Yenly bodies are said to he in 
Conjunction when they are 
seen in the same quarter of 
the heavens. Thus, in Fig. 
333, Venus { V), the Sun (S), 

and Mars (N), are in conjunction, being in the same direc- 
tion from the Earth (E). Conjunction ia denoted by the 
fflgn i. 

OoitjDnctions ore oF two kinds, Superior and Inferior. A pinnet is in Su- 
perior OonjuncUou when it is io conjunction on the oppoeita aide of tliH ana 
from tlie Eurth, aa Yeans at W, and Mora at X. A planet is in Inrerior Coo- 
juoctiou wtien it is in (injunction On tlie some siddof (he Sun aa theEartb ia, 
as Yenus it Y. II is evidiuit that Uie superior pinneta con Derer be in inre- 

900. Opposition. — Two heavenly bodiea are said to bo 
in Opposition when they are in directly opposite quarters 
of the heavens. Thus, in Fig. 333, Mars at M and the Sun 
(S) are in opposition, because relatively to the Earth (E) 
they lie in opposite directions. The inferior planets never 
appear in opposition. Opposition is denoted by the sign b . 



.QlID^T&tare? ILLuatrutu with the Figuru. fi63. When am hunvenly bodt«a mid to bu 
In Conjunction f niustrale wiUi Tig. S83. now mrmy MnflB of oonJunoHona bpo 
llierut When la B planot uld to bo In Sni>eTiDr Conjunction t In loFodor Cnnjiino- 
ndy bodleBBild tobeln OpMwItlanl lUnalralo wltli Fig. S83. »fil. WLnt ia mouit 
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961. Transits, — ^Tho passage of an inferior planet across 
the Sun's disk is called its Transit. In Fig. 333, Venus at 
V is making her transit. 

A transit can take place only when a planet is in inferior coDJunction. 
But, as the orbits of the planets are in different planes, there maj be inferior 
conjunctions without any transit. Venus may be seen from the Earth in the 
same quarter as the Sun, and yet lie out of the plane which connects thq cen- 
tres of the Snn and the Earth. 

962. OccultcUion, — ^When a planet or star is hid firom 
the view of an observer on the Earth by the interposition 
of some other heavenly body, it is said to suffer occuUation, 

963. Real and Apparent Motions. — ^An observer at 
the Sun would see all the planets moving around him from 
west to east with perfect regularity and always in the same 
direction. He would see their Real Motions. An ob- 
server on the Earth sees only their Apparent Motions, and 
these are so irregular that one might almost fancy the 
bodies in question wandering through space without any 
fixed law to direct their course. They are seen at one 
time moving from west to east, at another stationary, and 
again pursuing a retrograde course from east to west. 

The reasons of this are — 1. We are 91,480,000 miles from their centre of 
motion. 2. We are ourselves moving, both round the sun and round tbe 
Earth's axis. Unconscious of these motions, we intuitively attribute the 
changes of direction produced by them to the motions of the orbs around us ; 
just as a person on a boat, when it begins to move, seems to foe at rest him- 
seU^and to see the wharf receding fh)m him. 

964. Are the BLbavenly Bodies inhabited? — This 
question is often asked, but can not be answered. No evi- 
dences of inhabitants have ever been discovered, even in 
the Moon, which is the nearest to us of all the heavenly 
bodies ; nor can there be any till great improvements have 
been made in the telescope. Nothing, however, seems to 
be created without an object ; and, humanly speaking, it 
would be strange if of all the orbs which Omnipotence has 

bj a Transit? Show the difference between a transit and inferior coi\]anotion. 
962. When is a planet or star said to suffer occultation ? 963. What is the difforenea 
hetween the Beal and the Apparent Motions of the planets? Describe the apparent 
viotions. What causes are assigned for their irreffulariiy ? 964. What is said with 



I 



called into being onr little world were the only one peopled 
by intelligent creatures. 

ir the plttoets are mhabUed, it mast be by creatures conBliloted verj dif- 
rereotly from the hurnnn race. SiuTounded by entirely diffurent ciroum- 
■timces as regards temperature, grarity, atmosphere, Ac, the idbabitAOtB of 
the different planets must be distinct racea each trom every other. Tpt who 
can doubt tbst the uime Infinite Wisdom that baa adapted na to onr apbers 
could as easily adapt them to theirs f 

We proceed to con^der the planets in turn. The char- 
acter annexed to the name is the mark by which the planet 
is denoted. 

965, Mekcukt ( S ), — ^Tlio nearest planet to the Sun is 
Mercury. Under iavorable circiunatanees. Mercury may 
be seen at cert;un times of the year for a few minutes after 
Bun-set or before ann-riae. At other times it keeps eo close 
to the Sun as to be invisible, being lost in the superior 
brightness of his rays in the daytime, and setting and risbg 
BO nearly at the same time with him as to afford no oppor- 
tunity of observation. 

To the naked eye Mercury looks like a star of the third 
magnitude, twinkling (unlike the other planets) with a pale 
rosy light. Viewed through the telescope, it exhibtta sim- 
ilar phases or changes of appearance to those of the moon 
(from full to new) ; this is because we see more of its en- 
^ghtcned side at one time than another. 

The solar beat received at Uenmry is sorea times as great as lliat oftbe 
Earth ,_-a lemporsturc more than sufGcient to make water boil. Mercary'a 
light is also seiBn times a# intense ad ours, mid the Son seen from this planet 
wonld look seven times as Urge as it does (o us. Ko peimBnent spoil ate 
visible either on Uerenry or Yeans, whence it has been supposed that ire do 
Dot see the Hufaces of these planets, but only tbeir abnospheres loaded with 
clouds, vhiGh may serTc to mitigate the otherwise intense glare of the sun. 
A German astrooouier, however, at Ihs commeueetnent or the present cen- 
tury, observed what he regarded as a tiumber of mountmns on the nufaee 
of Mercory, one of which he compated to be over 10 miles in height 

reiptct to the IwiTsnly bodLei' being Inhihlteil • (efl. WTiai If the luarut pinel to 

tfaeSunr Wlwii la Merem; rlilMe t Wbutmuka it iniiiiblaolatlier times! How ' 

E*-" Mercorj look to tbc naked ej» f TiewBl Ibrangh ths tefesnipa, what ptuM 

iltpment! Haw do tho sulur )i«t and light reeclrud U Uervmy cempan with I 

iT Are any ptirraaneot spots vWb^e on Mercury or Venus T To whit sappool- j 

hat this Ikct lad I What ma observed on Heroncy by a Oermu utntaomeEl I 
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Mercury's orbit deviates from a circle much more than that of any other 
planet, the asteroids excepted. This circumstance, combined with the incli- 
nation of its axis to the plane of its orbit, must produce a great Tarietj of 
seasons, and extreme changes of temperature. 

966. Venxtb (j). — ^The second planet from the Sun is 
Yenus. On account of its nearnesSi it appears larger and 
more beautiful to us than any other member of our planer 
tary system. So bright is Venus that it is sometimes visi- 
ble at mid-day to the naked eye, and in the absence of the 
Moon casts a perceptible shadow. 

Being an inferior planet, Venus is never in opposition 
to the sun, and is always below the horizon at midnight. 
During part of the year, it rises before the Sun, and ushers 
in, as it were, the day ; when appearing at tins time, the 
ancients styled it Phosphor or Lucifer {the light-bearer)^ and 
we call it the Morning Star. During the rest of the year, 
it rises after the Sun ; it was then styled Hesperus or Ves- 
per by the ancients, and is distinguished by us as the Even- 
ing Star. 

In size and density, Venus ranks a little below the Earth. The great 
inclination of its axis to the plane of its orbit must make a great differenoe 
in the relative length of day and night, and subject its i^lar regions to 
extreme changes of temperature. 

Venus's heat and light are twice as great as ours. So intense is its 
brightness that yariations in its surface (if indeed its surface is not hid ftom 
us bj a cloudj atmosphere) for the most part escape detection, every portion 
of the disk being flooded with light. Yet spots have occasionally been seen 
on its surface, and mountains have been observed having an estimated hei|^t 
of from 15 to ^0 miles. Venus's phases, when viewed through the telescope, 
are similar to those of Mercury and the Moon ; but it never appears ex* 
actly full, being invisible at the time when this phase would otherwise be 
presented. 

967. The Eabth (®). — ^The third planet from the Sun 
is the Earth, which we inhabit. 

The form of the Earth is that of an oblate spheroid, — 

What is stated with respect to Mercnry^s seasons ? 966. What is the second planet 
^^ScovD. the Sun ? How does it look to us, and why ? What proofe have we of Venns's 
, [Tbrightness? When is Venus called the Morning, and when the Evening Star? How 

jdoes the size of Venus compare with that of the Earth ? How do its heat and light 
omparo with ours ? Wiiat have been observed on Venns's surface ? What phases 

linos she present?- 967. What is the third planet from the Sun? What is the form 
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that is, a sphere flattened at the poles like an orange. Its 
equatorial diameter ia 7925.8 miles, and its polar diameter 
26^ miles less. Tlie circurafereDce of a sphere la a little 
more thaa three timea as great as its diameter ; the dis- 
tance round the earth, therefore, is about 25,000 miles. 

The Eutb ia so lurge that its nitundi t; ia oot appureat to a poraon sl«nd- 
ing OD its surface. We know it to be round, howeyer, in Beverol waya. 
|l, Nnvignlora tiuFe luUed round it, Bj beeping ttic some generBl direclion, 
eiiai or Beat (us iar as the laod would atloir), they hare urired at the placa 
of atajtiug. S. The highest pari of a veitael approaching in the diataoca ia 
seen first, the lower part being obscured by the rotundity of the earth'a but- 
taoe. If Cho earth were aplain, wo should acotho hull before the top-maat, 
inaamnch aa it ia larger. 

0G8, Motions. — The Earth turns on its axis once in 24 
hours. This is called ita Diurnal Motion. Constantly bring- 
ing new points of the aoriace before the sun, and withdraw- 
ing othera from its beams, this motion procluccs the suo- 
ceasion of day and night. 

The circumfeniDce of the earth being S5,000 miles, aad a complete n 
lution being made in Bibonre.itfbllowalhat every point on the equntarmnst 
reiolTO at the rnfa of a little over 1,000 milea aa hour. As we go towards 
the poles, oircles dran-n round the earth parallel to the equator diminiah in 
length, and poiots situated on them will oonaoquend)- mOTo with leaa ye- 
loeitf. At the poles there ia no diurnal motion at all. 

969. The Earth h.-ia also an Annual Motion, — about the 
Sun. Its orbit, like that of the other planets, ia elliptical, , 
but doea not deviate mnch from a circle. Ita perihelion la j 
3,000,000 miles nearer tlie Sun than its aphoHon; coi 
quently at tlie former point, other things being eqnal, it 1 
receives more heat than at any other part of ita orbit. 

The Earth reaches hor perihelion ontbe Istof January erery year. IleQce ] 
our winter is somewhat milder than that of the Bontbem bemlaphere ; while 1 
the Sun at that period of a aoulhem summer ia perceptibly hotter than 
suQimer sun at corresponding latitudea in tbo north. The heat in the inte- 
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rior of Australia at the time the Earth reaches her perihelion, is said to be 
more intense than any known CTen about the equator. Yet the difference of 
distance is so small compared with the whole, as not very materially to affect 
the Earth's temperature ; nor has it anything to do with the change of sea- 
sons, as we shall presently see. 

970. The Earth's orbit is about 575,000,000 miles in 
length ; and to get round it in 365*'^ 5*" 48" 46" (which 
is the period of its revolution and constitutes our year), it 
must travel over 65,000 miles an hour. 

Though we are constantly moving with this great yelocily, we are uncon- 
scious of it This is because we have never known what it is to be at abso- 
lute rest ; and again, the motion is perfectly easy and regular, there being no 
obstructions in the way to make us sensible of it. 

971. The Earth in Space, — Space extends infinitely on 
all sides of the Earth, studded with stars at different dis- 
tances. To us, however, the stars appear equally distant, 
and seem to lie on the inner surface of a vast hollow sphere, 
at the centre of which we are placed. For purposes of defi- 
nition and description, it is often convenient thus to allude 
to the firmament ; and the expressions " celestial arch '% 
** concave surface of the heavens ", are used for the pur- 
pose, — ^not to denote any real objects, but the apparent 
arch or concave surface that we may conceive to be thrown 
around us. 

972. Horizon^ Zenith^ Nadir, — ^The Sensible Horizon is 
the line that bounds the view, — ^that is, where earth and 
sky appear to meet. To an observer on the ocean, or on 
a vast plain where there is nothing to obstruct the view, 
this line is always a circle. The plane passing through the 
sensible horizon, and infinitely extended through space, is 
called the Plane of the Sensible Horizon. 

The Rational Horizon is a plane passing through the 
Earth's centre, parallel to the plane of the sensible horizon. 

At the Earth these planes are separated by the distance between the cen- 



the canse. Is the Earth's temperature materially affected by this difference at dis- 
tance? 970. With what velocity does the Earth travel round its orbit? Why are 
we not sensible of moving? 971. What is meant by the expressions, ** celestial 
arch", "concave surfece of the heavens"? 972. What Is the Sonsible Horizon? 
What Is the Plane of fhe Sensible Horizon ? What is the Rational Horizon ? What 
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tre uid tbe surface, or 4,000 milea ; but bo imull ia Uiis distance comp&rad 
with Cltat Bt nhich tbc stum are aituuted tbut tbe Itro plimeB ore re^iLrded oil 
striking llie celestial urcb nt the same point All licnvonly bixlieB above tlia 
rutioDal borixoa at uij giica puint are visible, and all bEloir it iurisiblo. 

973. The Poles of the Ilorizon are two poiata in the 
heavens equally dlstaiit irom the circle that bounds the 
view. One of these, the pomt directly overhead, is called 
the Ze'-nith; the opposite point, directly beneath us, k 
called the Na'-dir. 

Ererf point on Die Earth's eurfnce bus a borizon, zeuitb, and nadir of its 
own; Bjid tbe boriiou, leuith, aud oadir of everj point are ooDstantl/ 
cbangiiig, oning ta tbe revolution uflhii Eartb on its axis. Huuce, nt ni);lit^ 
neiT beaTealy bodies are coDstuntly ouming into view in tbe oast, while otbers 
are setting in the west 

974. T/i£ Ediptic. — Seen from the Sun, the Earth would 
appear to describe a circle round that luminary, among the 
fixed stars on the concave surfiice of the heavens. This 
circle corresponds with the apparent path of the sun as 
seen from tbe Earth, and is called the Ecliptic. 

The plane of the Earth's equator, extended till it meets 
the concave sur&co of the heavens, forms what is called 
the Celestial Equator, or tbe EijninoctiaL The ecliptic and 
the eqninoctiat form an angle of 23° 27X', and tliia angle 
is called the Obliquity of the Ecliptic, The axis of tbe 
Eartb, therefore, instead of being perpendicular to the 
plane of its orbit, is inclined to it at au angle of (90° — 23" 
27K') m" Z2K'. 

975. The ecliptic cuts the equinoctial at two points, I 
called Equinoxes, becauae when the sun appears at these J 
points the days and nights are equal all over tbe world. 

The eqninoies are diBlinguisbed as Vernal and AulmnDal. The Vara 
Equinox is that point at vrbieb the sun drosses Uio ^uluoctial from south 
north, which lakes place in onr spring. Tba Antnmtiul Equinan ia the point 
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At which the stin crosses the eqainoctial from north to south, — and this he 
does in our autnmn. 

976. The Zodiac, — ^The Zodiac is a belt on the concave 
surface of the heavens, sixteen degrees in width, eight of 
which lie on each side of the ecliptic. It is divided into 
twelve Signs, of 30 degrees each. The zodiac is peculiarly- 
interesting to us, because it is the region within which the 
apparent motions of the Sun, the Moon, and all the greater 
planets, are performed. 

The zodiac is so called from a Greek word signifying animal, because its 
signs were for the most part named after animals, of which the stars in each 
seemed to the ancients to be so grouped as to form rude outlines. Such 
groups of stars, which seem to be situated near each other because lying in 
the same direction from us, are called Constellations. Owing to what ia 
known as the Precession of the Equinoxes, — that is, the sun's completing its 
revolution on the ecliptic every year before it reaches the same pmnt of the 
heavens relatively to the fixed stars, — ^the signs of the zodiac do not now 
correspond in position with the constellations from which they were named. 
With the equinoxes, on which their position depends, they have retrograded 
SO degrees towards the west. The signs of the zodiao and the consteUationa 
of the zodiac must therefore be distinguished from each other. 

977. The names of the signs of the zodiac are given below in Latin and 
English, with the characters by which they are respectively denoted. Thegr 
are given in their order, commencing at the vernal equinox. 



V. 



*f Aries, the ram. 
b Taurus, the bull, 
n Gemini, the twins. 
SB Cancer, the crab. 
^ Leo, the lion. 
ITIi Virgo, the virgin. 



:^ Libra, the balance. 

TTl Scorpio, the scorpion. 

t SagiUarius, the archer. 

V3 Capricomtis, the goat 

^ Aquarius, the water-bearer. 

H Pisces, the fishes. 



978. Uie Chcmge of Seasons, — ^It has been stated that 
the Earth is nearer the Sun at one period of ijs revolution 
than at another. The change of seasons, l^^wlsiyer, is en- 
tirely independent of this fact, and is producecM by^the sun's 
rays falling on a given point of the Earth'aigurface with 

different degrees of obliquity at different parts of its orbit. 

■ — — ■ — ■ 

nox? What is the Autumnal Eqninox ? 976. What is the Zodiac? How is it di- 
vided? What n;akes it peculiarly interesting to us? From what is the zodiac so 
called ? What are Constellations ? How are the signs of the zodiac now situated 
relatively to the constellations from which they were named? To what is this ow- 
ing ? 977. Name tha irigns of the zodiac 978. By what is the change of seasons pro* 
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When the Snn U vertical, or directly overhead, its heat is 

most intense ; and the lesa its rays deviate from a vertical 
lin n in striking the surface, the more heat they impart to it. 
Tlie angle at which the Sun's rays strike a given part 
of the Earth's surface keeps constantly varying, in conse- 
quence of the Earth's revolving with its axis always point- 
ing in the same direction, or, as it ia generally expressed, 
everywhere parallel to itself. This will be understood from 
Fig. 334. 

In Pig. 384 tha ^8- 83*- 

Earth ia npre- 

raund the Sun, 
which ia in one of 
the foci or her el- 
lipUciU orbit. 1 
dntW line is 
lEodioc, diFided 
to its ttreWe 
N 8 is lh« Earth's 

tains the same di* 

Tcction in the foar 

poaflioDs ihown, 

and »l erery other &iiu;u"'ltiitf' 

part of the orbit 

At the rernnl equinox (Uarcb 31), the equator is direcUf opposite 
Sun ; (ho solar laja fliH at the same HUgle ou the northern hsmbphere at 
the soulheni, oud it ia spring in (he former, aatumn in the latter. 
Earth's axis is inolined neither to nor from the aaa ; cnneequentl.r, hulf the \ 
surface, from polo to pole, ia calighlfned at a time, and da;r ood night gj 
eqiiul length all oTer the glhbe. 

As the Earth moves eastward, the rays of tha Snn no longer full vi 
call; on the equator, but on plaoos north of it. This contlnuus till June j 
aist, when the sun is yortical to plsoea 28° BJX' "Orth (this being tho 
obliquity of the ooliptio), and his rajs eiteud over the suae distance beyond 
the north pole. It is now summer in tha north and winter in the soutli ; 
for, !□ proportion as the aolar rays full leas obliquoly on the former, they 
must fall more obliquely on the latter. It will be observed, also, that a 
space extending SB" ST^' around the south pole is totally dark. 

dnerf? When U tlieSnii'shMt muit Intonse? Wl,y does [ho anglo »l whlrb tlie 
Son's njs alrikr a elvru part of the F^nrtli's eariWe keep rar^lngr Whnt does Tig, 
SUnpreHBtr Pescrlbe Ihu pualtlun of tlie Earth amllh 
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The Sun is never directly overhead to any place farther north of the 
equator than 23* 27)^ '. As the Earth continues her course eastward, it 
becomes vertical to places more and more to the south, and by the 22d of 
September, or thereabouts, it is vertical to the equator just as it was six 
months before. This is the period of the autumnal equinox. The Earth 
again presents a full side from pole to pole to the Sun, and the days and 
nights are once more equal. We have now the southern spring and the 
northern autumn. 

From this point, the solar rays become more and more oblique in the 
north and fall vertically on places farther and farther south, till the same 
limit of 23** 27^^ ' is attained, which takes place about December 2l8t, and 
marks the northern winter and the southern summer. Beyond this limit 
the Sun is never directly overhead. As the Earth keeps on her course, his 
vertical rays fall on latitudes nearer and nearer to the equator, till finally 
on the 2l8t of March places on the equator have the Sun in their zenith as 
they had six and twelve months before. 

979. Tlie explanation just given shows that there are 
two points of the ecliptic in which the Sun is about 23^ de- 
grees from the equator, and from which he seems to turn 
back towards that line. These points are called Solstices 
{standing-points of the Sun), because the Sun appears to 
stand still for several days at the same place in the heav- 
ens before taking an opposite direction. The solstice 
reached in June is called the Sunmier Solstice ; that in De- 
cember, the Winter Solstice. 

980. Circles on the Earth's surface about 23^ degrees 
north and south of the equator form the limits beyond 
which the Sun's rays are never vertical. These circles are 
called Tropics (from a Greek word meaning to turn), be- 
cause on reaching them the vertical rays turn back towards 
the equator. The northern tropic is called the Tropic of 
Cancer, because when the Sun reaches this line he is seen 
from the Earth in the sign Cancer, as will be apparent from 
Fig. 334. For a similar reason the southern tropic is called 
the Tropic of Capricorn. 

981. It appears from Fig. 334 that from March 21 to September 22 the 
north pole is constantly illuminated and the south pole in darkness, notwith- 
standing the revolution of the Earth on its axis ; while from September 23 

it, at March 21. At June 21. At September 22. At December 21. 979. What are 
the Solstices? Why are they so called ? How are they distingalshed ? 980. What 
ore the Tropics? Whence is their name derived? What ia the northern tropic 
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to Uikrch SI, darkness raigna at the north pole ttnd the BOnth pole enjnfti 

EontiuDol ligbt At the sununer solstice there is a apaoe of 23','i degree 

ID aarib pule on which the Suo docs oot set, and at tbe winter sol- 

'^(ice a correspondiDg space about tbe soatb pole. Tlie lines that bound , 

. these regions ore ceiled the Polar Circlea. The ooo near (be north pole is 

" Jialled (be Arctic Circle -, Ihut neur Uje suuth pole, the Antarclic Cirole. 

■682. If, instead ot being iDclincd, the Emth'a alia were perpendicular to 
the plane of its Orbit, Iho regioua oo tbe uquitor would have the Sun con- 
stantly in their zenith, day aud night would ulvrays be equal orer tbe wbulo 
globe, there would be oo rarielj of aeaaons, and a glvm place would have 
Dbout tbe same temperature from one j-eST'a end tA another. Something of 
thia kind must be the case on Ihe planet Jupiter, whoaa aiis is nearly per- 
pPidicular to the plane of ita orbit. On Ihe other hnad, tha mora the aiia 
ol'ii planet is inetined, tbe greater are the e^itremeB of temperature incident 
to ila seTOral acasous. i 

983. The Moon (ffi). — ^The Earth U attentled Ijy one , 
satellite called the Mood, — a beautiful orb iv-hich ' rules the ( 
night' vith ita gentle brilliancy, produces in part the tides, 
and sendbly affects the Earth's motions by ita attraction. 

984. Size. — ^The Mooii'sdiameleris 2,163 iniles,but ila | 
apparent size is almost equal to the Sun'a, in consequence i 
of its nearness to our planet. Its density is not much raore I 
than one-half that of the Earth, and it contains about one- | 
eightieth as much matter. 

985. Motions. — ^The Moon is 240,000 miles from tha ' 
Earth, and revolves about tbe latter so as to reach the same 
point relatively to the fixed stars in 37 days, 7 hours, 43 
minutes. To reach the same point relatively to the Sun 
requires 29 days, 13 hours, 44 rainntea, since the Earth 
has itself meanwhile advanced in its orbit. — TVlien nearest 1 
the Earth, the Moon is said to be in her Per'-i-gee, and I 
when ferthest from it in her Ap'-o-gee. 

The lormapeWi7M and apoffee (which mean nw the Fnrli and aatrtr/from I 
Ikf Earth) are also applied to the apparent position of the Sun. Wbea tlm | 
Earth is at its perihelion, the Sun ia Bald to be in perigee ; uid when t)iB 
Earth is at ila aphelion, tbe Sun is in apogee. 

»ill«],uidwhyT ThDunttoTDt «S1. Wbal ani the Polar Clri:l.<sT Vhnt Is tha 

were perpunillRnlor to the pUiid ot Iti urblt.what wnuia IbllnwT What Is ulil gf 

rtorl IliideDsitTf Itj moaar SSi How Car la tbe Muon ftum tha Katth f What I 
t> the period of her revDlutlun t When b the Miwa sold to be In perlgsu I Ii a{>- J 
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The Moon also tarns on its axis in exactly the same time 
that it takes to revolve roand the Earth, and in the same 
direction. Tlie consequence is that she always presents the 
same side to the Earth. Nearly one-half of oar fidr at- 
tendant we never see, and to the inhabitants of half her 
sur&ce, if she has any, we are invisible. 

086. Phases, — ^The Moon is non-luminous, and shines 
only by the reflected light of the Sun; hence the hemi- 
sphere presented to the Sun is bright, while the opposite 
one is dark. As the Sun, Moon, and Earth are constantly 
taking different positions relatively to each other, the por- 
tion of illuminated lunar surface presented to us is as con- 
stantly changing. Hence arise what are called the Phases 
of the Moon. 

When newy the Moon lies between the Earth and the Sun, near a line con- 
necting their centres. Her dark side is then towards us, and she is inyisible. 
Soon, however, she gets so far east of the Sun as to appear in the west 
shortly after his setting. A bright crescent then becomes visible on the side 
nearest the Sun, the rest of her circular disk being just discernible, not by 
suu-light directly received, but bj sun-light reflected from the Earth to the 
Moon, and by her reflected back to us. The crescent gradually grows larger, 
until, when the Moon is 90 degrees firom the Sun, or in quadrature, half hw 
disk is illumined. She is then said to be in her First Quarter. 

Each succeeding night now finds the enlightened portion lai^er and 
larger, and tJie Moon is said to be gitiboua. At last she reaches a point at 
which she is again almost in a line with the Sun and the Earth, but this time 
the Earth is in the middle. The Moon rises in the east as the Sun sets in the 
west ; the whole of her enlightened hemisphere is therefore turned towards 
us, and she is said to he/uU. 

After this the Moon again becomes gibbous, and we see less and less of 
her enlightened surface, till at length half of her disk is dark, when she is 
said to be in her Third Quarter. Advancing beyond her third quarter, she 
wanes still further to a crescent, and at length on arriving in conjunction 
with the Sun disappears entirely, — ^to go through the same phases again as 
she makes another revolution in her orbit. 

987. To the inhabitants of the Moon, if any there be, the Earth presents 
the same phases that the Moon does to us, but in reversed order. When the 
Moon is new to us, the Earth is full to them, — a splendid orb, thirteen times 



ogee? When is the Sun said to be In perigee? In ai>ogee ? How long is the Moon 
in turning on her axis ? What is the consequence ? 986. What is said of the Moon's 
light? What causes her to present diflForent phases to the Earth? Describe the 
phases successively presented. 987. What phases does the Earth present to the 
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IS large na the fall Moon. When she ia m ber tlrst quiu^r, the Earth U id 
bar third quarter, to. 

988. Tiio Moon has either no atmosphere at all, or one 
esceedingly rare, and not extending more than a mJlc from 
its sarfaco. Hence it must be destitute of water, for any 
liquid on its sur&ee would long since have been dissipated 
by the heat of the lunar days, there being no atmospheria 
pressure to check evaporation. If there wore any water 
on the surface of the Moon, clouds would certainly be ob- 
served at times dimming its face. 

»8B. Tipwed through a telescope, (be snrflicB of the Moon Bppcara en- 
eeedinglf rongh, covered with bolnted rocks, deep riJIeys, juimiDg ctiaAma, 
cratera of extinct volcaaoes, ia aome citaes more than 100 miles in width, and 
loftj mountains, gereral of wliich are from thi'ae to four miles high and cast 
tlieir ahaduwii B griMt diatuice uver (ho mggud ploina. Every Ihiug in deso- 
late in the eitrotne. Screral of the earlier aatronumerB thought that they 
(liBcemedTDlcanoea in a state of eruption ; but later obserrers are of the oon- 
tmry opinion, attributing the pecnlinr brightncaa of the auppuaed Tolciiuia 
aummila to phosphorescence, or superior raSective properties. 

tloon, wid a map has been prepared of the whole Bide preaenled (o ua, whivh 
baa been prooounced "matl; more aconmte than onj map of the Earth wu 
can jet produce." — The great teleacopo of the Earl of Rosso ahoivs with dia- 
tiiictneaa Gverf object on the iDnar surface that is 100 feet in leugth. It has 
brought to light, bowerer, do signs of liie or habitation. 

990. Misa { J ). — ^Mars, the fonrth planet from the Sun, 
is 4,546 niilea in diameter. Its day ia of nearly the same 
length aa oura, its year about twice as long. The incli- 
nation of its axis to the plane of its orbit does not difler 
mueh from the Earth's, and its seasons are therefore simi- 
lar to oura. It ia surrounded by an atmosphere of mod- 
erate density. 

Mora is etsilj diatinguiahed in Ihe heaTens bj bii red Berj light, vhich 
is supposed to owe its color to the soil from which it is reOcctcd. The tele- 
Bcope distinctly shows con^□eDts of a dull red tioge, like that of sand-stone, 



onr »g8. Wbst Is BiM dT tha Mno 



I atmosphina t Why Is Ch< Miwn enp> 
to DsueaQtuieoE waierr hdv. uow does the Moon lifok, whan vlaned thfongh 
HopaT Wliat Lh uaw thaiiB:ht nsapec^ug the hipihibdiI viitcanic eraiiUuns fur- 
obwmHl I Hdv high ol^irils does tlie Eul oT Bnaee's tcleicuiie dlBUnclIr 
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washed by seas of a (^cnisb hue. Bright white spots are seen about the 
poles, which are no doubt occasioned by the reflection of the sun's light from 
tlie snow and ice collected tliere. It is observed that as each pole is turned 
towards the sun the spots about it diminish in size, owing to the melting of 
the snow by the solau- heat. 

991. The Astekoids. — ^The Asteroids are so small that, 
with the exception of one or two which have been seen 
without a telescope, they are invisible to the naked eye. 
Vesta, tlie largest, is but 228 miles in diameter, and many 
of the smaller ones are less than 50. Pallas and others 
are supposed to have dense atmospheres. It has been 
suggested that the Asteroids may be the fragments of one 
large planet, originally revolving between Mars and Ju- 
piter, but shattered by some tremendous catastrophe. The 
fact, however, that the orbits have no common point of 
intersection, makes this theory improbable. There are, 
no doubt, many asteroids yet to be discovered. 

The Asteroids are comparatively so diminutive that the force of gravity 
on their surfaces must be very small. A man placed on one of them would 
spring w^ith ease 60 feet high, and sustain no greater shock in his descent 
than he does on the earth from leaping a yard. On such planets giants may 
exist ; and those enormous animals which here require the buoyant power 
of water to counteract their weight, may there inhabit the land. 

992. Jupiter (i(). — Next to the asteroids is Jupiter,* 
the largest of the planets, which exceeds the Earth in bulk 
nearly 1,300 times. Its revolution round the Sun is per- 
formed in about 12 years, and that around its axis in less 
than 10 hours. Jupiter is attended by four satelUtes, which 
revolve about it from west to east. 

All of these satellites but one exceed our Moon in size. The largest would 
sometimes be visible to the naked eye as a very faint star^ were it not lost in 
the superior brightness of its planet. Three of them are totally eclipsed 
during every revolution by the long shadow which the planet casts, and the 
fourth is very often eclipsed. The relation between their orbits and motions 
is such that for many years to come Jupiter will never be deprived of the 
light of all four at tlie same time. 

poles ? By what arc they supposed to be caused ? 991. Arc the Asteroids visible, to 
the naked eye ? What is the len^h of their diameters ? Wliat has been suggested 
respectlnjr their orljdn ? What Is stated with respect to the force of pmvity on their 
surface ? 992. How does Jupiter rank in size ? Iloir does It compare In bulk with 
the Earth ? What Is tho length of Its year ? Its day ? By what is It attended f 
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So large is Jupiter, and so short a time is it in revolving on its axis, 
that every point on its equator must turn at the rate of 450 miles a minute. 
The result is an immense centrifugal force at the equator ; and this is seen^ 
to have operated before the mass of the planet became hard, by flattening 
it very much at the poles. — Jupiter's disk is always crossed with a number 
of dark parallel belts, as shown in Fig. 831. They vary in breadth and 
situation, but are always parallel to the equator of the planet ; hence they 
appear to be connected with its rotation on its axis, and are lio doubt pro- 
duced by disturbances in its atmosphere. 

992. Saturn (^). — ^Satum, which is next to Jupiter in 
distance from the Sun, is also next to it in size, having a 
diameter of 71,900 miles, and consequently a bulk nearly 
750 times that of the Earth, Its day is not half so long 
as ours ; but it is 29^ of our years in making one complete 
revolution in its orbit. . 

Saturn has eight moons, seven of Which were known for sixty years 
before the eighth was discovered. The largest of them has a diameter 
about half as large again as our Moon. Saturn's disk, like Jupiter's, is 
frequently diversified with belts ; spots are of rare occurrence. An atmos- 
phere of considerable density is supposed to surround the planet. 

Saturn has a remarkable appendage, consisting of three bright, flat, 
thin rings, detached from each other but close together, encircling the 
planet at its equator, and revolving with it around its axis in about the 
same time in which the planet itself revolves. The whole breadth of these 
rings is 37,570 miles, while their thickness does not exceed 100 miles. The 
innermost one is less bright than the two beyond it, and is 9,760 miles 
from the surface of the planet. They are supposed to be made up of myr- 
iads of little satellites, moving independently, each in its own orbit, round 
the planet, — ^presenting the appearance of a bright ring where they are 
closely packed together, and a dim one where they are scattered. 

993. Uranus (W). — ^Uranus, the next planet to Saturn, 
revolves about the Sun in 84 of our years. There being no 
spots on its surface, we are unable to fix the period of its 
rotation on its axis. It is attended by four moons, which 
move from east to west (unlike the satellites of the other 

Wliat is the size of the largest of these moons ? What relation subsists between thc!r 
orbits and motions ? What is the shape of Jupiter ? What has caused the j9attening 
at the jmles ? With wliat is Jupiter's disk crossed ? To what are these belts to be 
attributed ? 992. What is the next planet to Jupiter ? What is Saturn's diameter ? 
How does Its bulk compare with the Earth's? Its day? Its year? How many 
moons has Saturn ? How is its disk diyorsifled ? What remarkable appendage has 
Saturn? Describe its rings. 993. What is the next planet to Saturn ? What is the 
length of the year of Uranus ? It6 day ? By what is It attended? How do its light 

17* 
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planets) in orbits nearly perpendicular to that of the planets 
The solar heat and light of Uranus are only ^Jy of ours. 

994. Neptune ( f ). — Neptune, the most remote planet 
of the solar system, is invisible to the naked eye. Seen 
through the telescope, it looks like a star of the eighth 
magnitude. The diameter of Neptune is 36,600 miles, 
which is 3,600 more than that of Uranus. Its rev- 
olution around the Sun is performed in about 165 of our 
yeai-s. Neptune has at least one moon, distant from it about 
as far as ours is from us. 

The diflcoverj of Neptune is one of the greatest triumphs of which sci- 
ence can boast. Comparing observations on Uranus, while it was stiU 
thought to be the most distant member of the solar system, astronomers 
found ceTtain perturbcUions or irregularities^ in its motions, which could be 
accounted for only on the supposition that there was some unknown planet 
beyond it by whose attraction it was a£fected. Le Verrier thoroughly inves- 
tigated the subject, and even went so far as to compute the size and distance 
of the suspected planet, and to predict in what part of the heavens it would 
be found at a given date. A letter fh>m the French astronomer, unbracing 
the results of his calculations, reached Berlin, September 18, 1S46 ; and that 
very evening, sweeping the heavens with his powerful telescope, according 
to Le Verrier's instructions. Dr. Galle discovered what was apparently a star 
of the eighth magnitude not laid down on his chart, but was proved by Us 
change of place on the following evening to be a planet. — ^It is just to add 
that Adams, an English astronomer, had, about the same time with Le Ter- 
rier, made similar calculations, and with neariy the same result. 

995. Real and Appabent PosmoN op the Heavenly 
Bodies. — ^We seldom see the heavenly bodies in their real 
position. This is owing to two causes, — ^Refraction and 
Parallax. 

996. Effect of Refraction, — ^Refraction, which has been 
explained in the chapter on Optics, bends rays of light en- 
tering our atmosphere from a rarer medium, and causes the 
body from which they proceed to appear higher than it 
really is. The Sun is thus made visible a few moments be- 
fore he actually rises and after he sets. The effect of re- 

and heat compare with ours? 094. What is the most remote planet of the solar sys- 
tem? How docs Neptuno look, when seen through the telescope ? What is its diam- 
etor ? What is the period of its revolution ? How many moons has Neptune ? Give 
an account of the circumstances under which Neptune was discovered. 995. Why do 
wo not see the heavenly bodies in their real position ? 996. What is the effect of re* 



pjR*i. T.*t , 305 

fraction is greatest when a body is on the horizon, and 
diiutnlshcB as it ascGnds towards the zenith, at which point 
it entirely djaajipeara. 

697. Effect of Farallax. — A planet aeen from different 
points of the Earth's surfiico appears to lio in different 
poBitions. This is evident from Fig. 335. 
Tho pUnet C to an ohservef 

at B it ttppeara Ui lis Bt -- / \ n 

would otherwise eiiat in obser- 

TDtJona mtdeatdifTerent places, 

the centre of the earth is (akmi u a standard point ; and the trae position 

of a heaventy body is tbat point of the celestial amb which would lie fhit 

b; a line eonnecling (he centre at the EiLrth with the centre of the bodj in 

queetion, infinitely produced. 

Parallax ia tbe angle made ty a line from a heavenly 
body to the Eaith'a centre and another hne from the same 
body to tlie eye of an observer. 

It is evident that, the nearer n hesTenl; body is, the greater isila parallai 
The died alitra ara ao remote that tbej have no appreciable parallni. Thu 
Earth, if risible to them, would be notbiog more than a minnte poinioflight. 
— T)ia parallax of abearenlj body is greatest whea it is on the huriMii. Al 
tbe zenith it would be nothing, because from that point (lie linei to thu eb- 
eerrer's eye and the centre of tbe Earth would coincide. 

993. EcT.iPBHS. — ^By an Ecltpso of the Sun or Moon ia 
meant its temporary obscmntion by the interposition of 
Borao other body. An eclipse ia called Total, when the 
whole disk is obscured ; and Partial, when only a portion 
is darkened. 

999. An eclipse of the Snn ia canaed by the Moon's get- 
ting between it and the Earth, and intercepting its rays. 
Thia can happen only at new Moon, because, when between 
us and the Sun, the Moon mast jireaent to oa her unenhght- 
cned side. 
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If the Moon's orbit lay in the same plane as the Earth's, she would eclipse 
the Sun every time she became new ; but, as her orbit is inclined to the 
ecliptic at an angle of more than 5 degrees, her shadow may fall above or 
below the Earth at the time of her change. 

When the Moon intervenes between the Sun and the Earth at such a dis- 
tance from the latter as to make her apparent diameter less than the Sun's, a 
singular phenomenon is exhibited. The whole disk of the Sun is obscured, 
except a narrow ring around the outside encircling the darkened centre. 
This is called an Annular Eclipse, from the Latin annuluSf a ring. 

1000. An eclipse of the Moon is caused by the Earth's 
getting between it and the Sun. This can take place only 
at full Moon, because when the Earth is between the Sun 
and the Moon the latter must present her enlightened side 
to the Earth. 

Non-luminous itself, when cut off from the solar rays, the Moon must be^ 
come invisible. There is this difference between an eclipse of the Sun and 
the Moon. In the former, the Sun shines the same as ever, and its bright- 
ness is undiminished to those who are out of the Moon's shadow. When the 
Moon is eclipsed, on the other hand, she diffuses no light, and is dark to all 
within whose range of vision she is situated. — Solar eclipses occur more fre- 
quently than lunar. The greatest number of both that can take place in a 
year, is seven ; the smallest number, two ; the usual number, four. 

1001. When the Sun is totally eclipsed, the heavens are shrouded in dark- 
ness,' the stars make their appearance, the birds go to roost, the animals by 
their uneasiness testify their alarm, and all nature seems to feel the unnata* 
ral deprivation of the light of day. It is not surprising that, when the cause 
of the phenomenon was unknown, it filled the minds of men with consterna- 
tion. Even at the present day barbarous nations regard eclipses as indica- 
tions of the displeasure of their gods. Columbus, on one occasion, when 
wrecked on the coast of Jamaica, and in imminent danger both of starvation 
and an attack from the Indians, saved himself and his men by taking advan- 
tage of this superstitious feeling. From his acquaintance with astronomy, 
he knew that an eclipse of the Moon was about to take place ; and on the 
morning of the day, summoning the natives around him, he informed them 
that the Great Spirit was displeased because they had not treated the Span- 
iards better, aud would shroud his face from them that night. When the 
Moon became dark, the Indians, convinced of the truth of his words, hastened 
to him with plentiful supplies, praying that he would beseech the Great 
Spirit to receive them again into favor. 

pen ? Why is not the Sun eclipsed every time the Moon becomes new ? What is an 
Annular Eclipse ? 1000. By what is an eclipse of the Moon caused ? When can this 
take place ? What difference is mentioned between an eclipse of the Sun and tho 
Moon? Which occurs more frequently? What is the usual number in a year? 
JOOl. Describe the appearance of things during a total eclipse of the Sun. How do 
barbarous nations regard eclipses ? How did Columbus once save himself and his 
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1002. Comets. — Comet is derived from a Greek word 
meaning hair y and the term is applied to a singular class 
of bodies belonging to the solar system, from which long 
trains of light, called tailSy spread out like hair streaming 
on the wind. They differ very much in appearance ; but, 
for the most part, they consist of a nucleus, which is a veiy 
bright spot, apparently denser than the other portions ; an 
e?ivelope, which is a luminous fog-like cover surrounding 
the nucleus ; and a tail, which appears to be an expansion 
of the envelope produced by solar heat. 

The tails of different comets differ greatly in shape and extent. In some 
this appendage is entirely wanting ; in others it has been found to extend 
120,000,000 miles. Several tails have been exhibited at the same time ; the 
comet of 1744 threw out no less than six, like an enormous fan, over the 
heavens. Even in the same comet the tail keeps changing, being largest 
when near the Sun and diminishing as it recedes from that body. — The tail 
lies on the opposite side of the nucleus from the Sun, — behind it, when ap- 
proaching its perihelion, and preceding it when retiring from that poiut. 

J 003. Cotistitution. — ^The matter of which comets are 
composed must be an exceedingly thin gas or vapor. 

This is shown by the fact that comets have on different occasions passed 
very near the planets, yet have never caused any irregularities in their 
motions, while their own motions have been materially affected. The tail, 
in particular, must be exceedingly rare, perhaps not weighing more than 
a few ounces, even when most extensive. Faint telescopic stars have been 
seen through the envelope, without any diminution of brightness. Comets 
shiAe chiefly, if not altogether, with light borrowed from the Sun ; they 
gradually become dimmer as they leave this luminary, and finally vanish 
from the loss of its light while they still have a sensible magnitude. 

1004. Orbits, Velocity, — ^The orbits of the comets are 
either elapses, parabolas, or hyperbolas. 

If ellipses, they generally deviate very much from a circle, being length- 
ened out an immense distance in proportion to their breadth. Comets that 
move in elliptical orbits return after a series of years ; those that move in 
parabolas or hyperbolas never reappear, but after wheeling about the Sun 
dash off into the remote regions of space, perhaps to visit other systems. 

Some comets at their perihelion pass very close to the Sun. The one that 

mon ? 1002. What are Comets ? Of what do they consist ? What is said of the tails 
of different comets? In the case of the same comet, what change takes place in the 
tail ? How does the tail lie ? 1003. Ot what kind of matter must comets be com- 
posed? How is it proved that the matter of comets must bo exceedingly rare? 
1001. What shape are the orbits of comets ? In what case will the comet return ? 
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i4)peared in 1843 almost grazed its surface, approaching so near it that the 
solar disk must have appeared 47,000 times larger than it looks to us, and 
the heat received must have been twentj-fiye times greater than thai re- 
quired to melt rock-crystal. 

1005. When near the Sun, comets move with incredible 
velocity, — sometimes at the rate of over a million miles an 
hour. 

1006. Nuwher, — ^The exact number of comets can not 
be determined. Over seven hundred have been seen and 
enumerated. Multitudes have visited our system without 
being seen from the Earth, in consequence of reaching their . 
perihelion in the day-time, or when the heavens were ob- 
scured by mists and clouds. Arago estimated the number 
that have appeared or will appear within the orbit of Ura- 
nus at 7,000,000 ; the same calculation extended to Nep- 
tune's orbit would make the number 28,000,000. 

1007. Comets were formerly regarded with superstitious terror as precur- 
sors of war, famine, and other misfortunes. In more modem times the fear 
of a collision made them formidable objects. This fear, howeyer, has been 
dispelled by the discovery of their great rarity. A collision, however fatal 
it might be to the comet, would probably do little injury to a solid body like 
the Earth. 

The Fixed Stan. 

1008. The Fixed Stars are so called in contradistinction 
to the planets, because they maintain the same position rela- 
tively to each other, not because they are absolutely at rest. 
They all move about some fixed point in immense orbits, 
which it will take millions of years for them to complete. 
Shining by their own light and not by reflection, they are 
suns, and are probably each the centre of a system of its 
own. 

1009. JfagnUudes, — ^Varying in size and situated at different distances 
from us, the stars are not all of the same brilliancy. They are divided into 
about twenty classes according to their brightness, and distinguished as stars 

How near did the comet of 1848 pass to the Sun ? 1005. What is the velocity of com- 
ets, when near the Sun ? 1006. What is the number of the comets ? What prevents 
us from seeing many that visit our system ? What was Arago^s estimate ? 1007. How 
were comets formerly regarded ? IIow are they now looked upon? 1008. Why are 
the Fixed Stars so called 1 1009. How are the fixed stars claMifled? What are Tel- 
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of th« First, Hecoad, &e., MBgaitude. Tbe BUrsof the jlrat ^ miigiiitudca 
nra Tisiblo to tha uoked eja ; ths mat oro called TeleBcuplg Sttn, beuauso 
BuBn only with the toleacopo. Thsra tro about 30 utiirs of the firbl mugni- 
tudu, 65 of the accoud, and aoo of the third ; but the number in tha lower 
ulauBBH iuoreasea bo rapidly us to b« aim oat beyond enumeration. 

1010. CamlellaiuHit. — ForoonvBiiieiioo of raferonoo, the stSTB »ro divided 
into coUBtellationa, or grou;iB, named after animala und otlier objeeta to which 
their outline boflra Bome fancied roaem bianco, Tlio twelre constellationa 
of tbe lodiac have been already named ; there vers 36 more laid off by the 
anoients in other partB of the heavens. Tlin whole number has been increaa- 
odinmodemtimeBtolOS. Thoatara in eiwhcoasteUfttioa-aradietinguiiihud, 
according to their msgnituiie, first hy the letlera of the Greek alphabet, 
tlien by those of the Soman, and, whm both aie exhausted, by flguroa. 

1011. Distajice. — The distance of the fixed stare is 
abaolutely incredible. None of them can be leas than 
19,200,000,000,000 miles from the Earth, while the greater 
part are far more remote. 

The roooDt improvements in teleacopos have enabled astronomers to oom- 
puts the dlatanceof nine of the neanat stunt. Slriua, tha brightest of ihem, 
is found to be so far aS that light, with, a velocity of 18S,000 miles a bbo 
ond, is twenty-one yenra in roichiog UB ; from the North Star it ia over 
forty-eigbt years. The mind is tost in trying to comprehend auch mighty 
disCanceB ; and yet It will be romenibereiS thoso are among the nearest stars. 

1012. Several [smarkablB facts are worth; of note in connectioa with the 
fixed stars. Some of them wane for a time, so as to ba classed in a lower 
magnitude, and then resume their fbrmer brilliancy. Others, after vanishing 
entirely for a season, suddenly reappear ; these are celled Feriodicat Stars. 

Many stars (mora thoQ sii thousand), when viewed through a powerful 
lolcBOopo, are resolved into tiro stars, one of which ia generally much 
fainter thaji the other. These ore known tis Double Stars. In some coses, 
tho faint one may only appear to be near the bright one ftnra lying in the 

ic direction, and really be millions of miles behind It ; bnt there is gen- 
erally rooBon for Bupposing that the fainter lomhiary revolves sboQt the 
brighter one in obedience to that same great law of gravitation which pre- 
vnilB in our ovni gyitem.— Some stars, apparently single, are reeoived int« 
three, four, and even bIi, by tho [cicBeope. 

Many of the double stars are tinged with oomplomentary colors. The 
larger one is orange-colored, the smaller blue ; or the One is red, and tho 
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Other green. Some of the single stars look blood-red, and others yellow, 
blue, and green. In several cases, changes of color have occurred. 

The size of several of the fixed stars has been calculated approximately. 
Their diameters are found to be enormous, — in one case, not less than 
200,000,000 miles. Sirius, " the dog-star", if set in the place of our Sun, 
would look 125 times as large as he, and give us 125 times as much light. 
Trillions of miles away, as it is, it dazzles the eye when seen through a 
powerful telescope. 

1013. The Galaxy. — ^The Galaxy, or Milky Way, is a 
broad zone of light which stretches across the sky from 
horizon to horizon, maintaining the same position rela- 
tively to the stars. Examined through a powerful teles- 
cope, it is found to consist of stars, scattered by millions, 
like glittering dust, on the black ground of the heavens. 

1014. Nebula. — ^Nebulae are faint cloud-like patches 
of light, visible some to the naked eye, and others only with 
the telescope. They differ in shape — a circular outline 
being the most common,— and are found in different quar- 
ters of the heavens. Many of them are resolved by the 
telescope into clusters of stars; there are others, how- 
ever, (distinguished as True Nebulae), which are not so re- 
solvable, and which recent researches prove to be masses 
of incandescent gas, principally hydrogen and nitrogen. 

Lord Eosse's great telescope shows many of the nebulae to be simply 
remote star-clusters ; it makes others appear bright, without resolving them 
into stars ; and it calls up from the depths of space others which appear as 
faint, even to its mighty magnifying power, as those which it resolves ap- 
])ear to the unaided eye. The milky way is itself a resolvable nebula, more 
distinct than the others because nearer to us. 

From the facts set forth we may conclude that the universe consists of a 
vast number of distinct clusters of worlds, separated from each other by im- 
mense intervals ; that the fixed stars, the milky way, our Sun and its sys- 
tem, form one of these clusters ; that some of the remote nebulsB constitute 
other clusters, fainter or brighter according to their distance from us,— 
each composed of many different systems, — and having its members sep- 
arated as widely as our Sun is from the brother suns about him. 

How can the mind take in such mighty thoughts ! How can the heart 
refuse its homage to the great Creator of all these worlds ! 

many of tho binary stars tinjfed f What has been found with respect to the diame- 
ters of some of the fixed stars? How would Sirius look, if set In the place of our 
Sun ? 1018. What is the Galaxy ? 1014. What are Nebula) ? How do nebulre look 
through Lord Bosse^s telescope ? What may we conclude from the facts set forth f 
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CHAPTER XIX. 

METEOROLOG-Y. 

1015. Meteorology is the science which treats of the 
phenomena of the atmosphere. Among these are winds, 
clouds, fog, dew, rain, snow, and hail. 

Some of the phenomena of the atmosphere have been already described 
and explained in connection with the various sabjects that have engaged our 
attention. 

1016. Wind. — ^Wind is air put in motion. 

The motion of the air is the result of changes constantly going on in the 
earth's temperature, in consequence of the alternation of day and night and 
the succession of the seasons. Those portions of the atmosphere that rest 
on the hotter regions of the earth become heated and rarefied, and rising 
leave a vacuum which is immediately filled by a nish of cooler air from the 
surrounding parts. Currents are thus produced, which we call winds. 

The direction of the wind is determined by various local causes, modified 
by the revolution of the earth on its axis. The latter, operating alone, would 
make it appear to blow uniformly from the east ; but the various projections 
on the earth's surface, and the unequal distribution of land and water (the 
latter of which is incapable of being heated to the same degree as the former), 
— ^thesc and other agencies constantly at work combine to give the wind dif- 
ferent directions at dififerent places, and to make it vary at the same place. 

1017. Velocity. — ^The velocity of the wind is measured 
with an instrument called the An-e-mom'-e-ter. 

There are several kinds of anemometers. One of the 
best consists of a small windmill, with an index attached 
for recording the number of revolutions in a given time. 

It is found with the anemometer that a wind so slight as hardly to stir the 
leaves travels at the rate of 1 mile an hour ; a gentle wind, 5 miles in the 
same time; a brisk gale, 15 miles; a high wind, 80; a storm, 50; a hurri' 
cane, 80 ; a violent hurricane, 100. 

1018. Kinds. — ^There are three kinds of winds ; Con- 
stant, Periodical, and Variable. 

1015. What is Meteorology ? Mention some of the phenomena of the atmosphere. 
1016. What is Wind ? What puts the air in motion f By what is the direction of the 
wind determined? 1017. How is the velocity of the wind measured? What is one 
of the best forms of the anemometer ? IIow fast does a scarcely perceptible wind 
travel? A gentle wind? A brisk gale? A storm? Aharricaae? 1018L How maay 



402 MSTEOBOLOGY. 

1010. Constant Winds are those that blow throughoat 
the year m the same direction. 

The most noted of these are the Trade Winds, which extend about 30 de- 
grees on each side of the equator, a zone of 6 d^^ees near the centre known 
as the Region of Cakns being excepted. Thej blow nnintermptedlj on the 
ocean from north-east to south-west in the northern hemisphere, and fix>m 
south-east to north-west in the southern. The regions on the equator being 
more heated than the surrounding parts, the air resting on them is rarefied, 
and rising flows oyer the cooler masses towards the poles, while cold air from 
the latter rushes in below to supply its place. Were the earth stationarj, the 
trade winds would be due north on one side of the equator, and due sooth on 
the other. The earth's diurnal revolution, howerer, from west to east, mod- 
ifies these directions so far as to make the north wind north-east and the 
south wind south-east. 

The trade winds are of great service to mariners, enabling them to make 
certain voyages (for instance, from the Canaries to the northern coast of 
South America) with great rapidity, and almost without touching a sail. The 
zone in which they prevail is noted for its transparent atmosphere, its oni- 
fbrmity of temperature, and general peaceful aspect ; whence it has been 
called by the Spaniards " the sea of the ladies *\ 

1020. Periodical Winds are such as blow regularly in 
the same direction at a certain season of the year or hour 
of the day. The monsoon, the simoom, and the land and 
sea breezes, are periodical winds. 

The monsoons are modifications of the trade winds, which sweep, some- 
times with great violence, over the Indian Ocean, Hindostan, and Farther 
ludia, and also the Gulfs of Guinea and Mexico, and the adjacent lands. 
For six months they blow from a certain quarter, and for the next six 
months from the opposite one, owing to the change in the sun^s position. 

The simoom, originating in the deserts of Asia and Africa, is distinguished 
by its scorching heat and the fine sand it carries with it, raised from the 
parched surfaces it travei'ses. The simoom from the Desert of Sahara, 
sweeping over the intervening regions, finally reaches the northern shore of 
the Mediterranean, and is there called the Sirocco. — During the continuance 
of this hot and deadly wind, the animal and the vegetable creation droop 
with excessive exhaustion ; Uuvellers on the desert save their lives only by 
throwing themselves down with their faces in the sand. 

Land and sea breezes are produced by the unequal heating of land and 

kinds of vindsare there? Name them. 1019. What are Constant Winds f What 
are the most noted constant winds Y Where do the trade winds blow, and in what 
direction Y Explain the origin of the trade winds. How do they benefit marfners? 
What do the Spaniards call the region in which th»y prevail, and why Y 1020. What 
are Periodical Winds ? Mention some. Describe tho monsoons. Whore does the 
kimoom originate, and by what is it distinguished ? What is the Sirocco 1 What is 




wnme. 

V&ter. Duriagthe daj, the land rccsivos more heat thin the adjaccnl ocenn, 
the riircfieil iiir in contact with it rigcs, ojid a gentle breeiu sets in from Iha 
gea about nine in the oiorniag, vbicti graduall; iucrooaEa lo a briak gulc iu 
tbe midiUe of the day. About S p. h. it be^ns tu subside, ond is folluwisl ia 
the evoQiug b; a land brccie, which blows (reebl; Ibrougb the uight: for 
afkr auDBct the land ropidlj parts with its beat bf rsdialion, nod the air 
mting on it, becoming cooler thuo thai on the ocean, rnabes to supply tba 
place of the latter when it rises in cooBcquence of being dreGed. 

1021. Variable Winds are those which are irregular as 
to time, direction, and forco, seldom continuing to blow for 
many days together. They prevail chiefly in the temperate 
and frigid zones, the winds of the torrid zone beuig for the 
most part constant or poriodical. 

1022. Hurricanes. — HmTicanes are storms that revolve 
on an axis, while at the same time they advaace over the 
earth's surface. 

HumcuQes are distinguished bj their tn^mendous Tetocitj and great ex- 
teat. Tbey are often 500 miles in diameter, and sonKtimes much more. In 
tlie wmtheni beinisphere the/ always revolTe in the same direction as tho 
bnnds of a watch ; in the northern hemisphere, in tho opposite direction. 
Tliere ore three hurricane regions ; the West Indies, tho Indian Ocuan, aud 
the Chiua Sea. In the last they arc called Typhoons. 

1023. Tornadoes. — Tornadoes, or Wluilwinds, are aa 
violent aa hurricanes, but more limited in extent, . They 
are rarely more than a few hundred yards in breadth and 
twenty-five miles in length. Though lasting but a few sec- 
onds in a given place, they are frequently most disastrous 
ill their effects, prostrating forests, overturning buildings, 
and ravaging the whole fiice of the country, 

1024. Water-apouta. — A Water-spout is a phenomonon 
frequently observed at sea, consisting of a column of water 
riused sometimes to tho height of a mile and tapering from 
each end towards the centre. It is supposed by some to 
be produced by a whirlwind of great intensity; by others 
it is attributed to electrical influences. 



js cBiict ot tbe ilmfnin on the 
111 how an thuf prniliic^ t 
iIfII]' prevail ! lOSt. What ac 



lulw. 



( WSen 



ro ^ler dliUasulsbcdT In 



rmed. 10^ WliMdtj 



404 METEOBOLOGT. 

Watcr-spouts are formed as follows : — From a dark cloud a conical pillar 
is seen to descend with its point downward. As it approaches the water, the 
latter becomes violently agitated, and a similar column rises from it, point 
upward. The two finally unite, forming a continuous column from the cloud 
to the water. Afler remaining joined for a time, thej again separate into 
two columns, one of which is drawn up into the cloud, while the other pours 
down in the form of heavy rain. Sometimes the two columns are dispersed 
before a junction is efiectcd. 

1025. Atmospheric Moisttire. — The atmosphere al- 
ways contains more or less moisture, derived from the 
earth's surface, particularly those portions of it that are 
covered with water, by the process of evaporation. When 
the air contains as much moisture as it is capable of holding 
at any given temperature, it is said to be saturated. 

The higher the temperature of air, the more moisture it is capable of re- 
ceiving. At 32° F., it will hold only Viao of its own weight of watery vapor ; 
while at 113** it will receive eight times as much, or Vso of its own weight. 

1026. The earth gives out incredible quantities of moisture by evaporation. 
Experiments prove that an acre of ground apparently parched by the sun 
sends forth into the air over 3,000 gallons of water in 24 hours. Of course 
much greater quantities are evaporated from a moist soil and from surfaces 
covered with water. 

1027. The Hygrometer. — ^The amount of moisture in the 
atmosphere is ascertained with an instrument called the 
Hygrometer. Hygrometers are made on different principles. 

In some, the degree of humidity is indicated by the elongation of a hair, 
a fibre of whalebone, or some other animal substance which readily absorbs 
moisture and is increased in length by so doing. In others, it is shown by 
the increase of weight in some substance that absorbs moisture, such as 
cponge, cotton, or potash. In the more delicate instruments, the degree of 
moisture is shown by the greater or less facility with which it is condensed 
from the air in the form of dew on a cold surface. The more moisture in the 
air, the less cold will be required to condense it into dew. 

1028. Fog — Clouds, — ^When the air is cooler than the 
earth, the moisture imparted to it in the manner just de- 
scribed is partially condensed and thus rendered visible, 
forming either ^b^ or clouds. The only difference between 
the two is in thok height. When the condensation takes 

the air always contain? When is it said to he saturated t On what does the amount 
of moisture that air can receive depend ? 1026. How mnch moisture does the earth 
pi ve out by evaporation ? 1027. What is the Hygrometer? Mention the diflferent 
principles on which the hygrometer is made. 1028. When are Fog and Gloads 



place near the earth's surface, fog ia the result ; when in the 
upper regions of the atmosphere, clouds, 

1028. Kinds of Clouds. — Clouds are divided into dif- 
ferent classes, the principal of which are the Kiaibua, tUa 
Cumulus, the Stratus, and the Cirrus. 

The Nimboa, or nun-cloud, U a dense mass of Tiipor, of a leaden (fray or 
blaekUh color, nitli a lighter tint on iU edges. — ThcCuoiulnahas (lio appear* 
iuio« of many denaa whitish clouds piled up ona on another; or of avast ham- 
isphere with its base oa the horizon, and peak rising abaie peak, looking 
like huge billa of snow whea illumined by thu bus. The cumulus may b« 
called the cloud a! day, and is >n indication of fair weotbor.— The Stratus 
cunsisls ofii number of horizontal layers of cloud, notTery far removed from 
the ourth's surfaee, Fonning at aanaet and disappearing at sunrise, i( may 
be called the ctoud of night.— Tbe Cirrus (called cat'$ tail by Boilers) is a 
Beecy cloud, composed of thiu lijathery filaments disposed in every varicl/ 
of form. The cirrus is tbe bighast of all clouds, frequeatlj reacbiog aa nlti- 
tude of from three to five miles. It is no doubt olten compoictt of snoir- 
flakcB. B8 the temperature of the regions in whicli it floats must be cold 
eooDgh to fraeiB the watery particles. 

1030. Dew. — When the moisture of the atmosphere 
cornea in contact irith an object colder than itselt^ it ia con- 
densed and deposited on the surface. Tliis ia the way iu 
which Dew ia formed. 

A glass of ice-watBr on a worm day 15 almost immediately covered with a 
fine daw. So, in winter, when a number of persons are in a worm room, llie 
moisture imparted to tbe air by tbeir breath is condensed on the window- 
panes by the cold air without, and then sometimes froiCD, giving tbem a 
beuiitifnl frosted appearance. — Just so, in tbe eveuing, when objects on (be 
earth's snrfiica are cooled down by radiation, tba moifltura of the atmnspbero 
ia dcpositud on them in tha form of dew. 

1031. Dew is never abundant eicapt during calm serene nights. It is 
generally mora plentiful iu spring and autumn tbati in summer, because tho 
diiference between the temperature of d»y and night ia greiUer ia those sea- 
sons. Thi) qnantity of dew proci;ntated on ditlerent bodies depends much 
upon tbeir nature. Tbni grass and leaves will frequcntty ba found glistening 
witb crystal drops at annrisr, when grovelled walks, stones, tvood-work, and 
mataJlic surfaces, are comparativuly dry — another ati-iking proof of the wis- 
dom with which Providence orders the economy of nature. 

1033. Frost Ls nothing more than frozen dew. 
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Fig. 286. 
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A. 

Aherration^ chromatic, 259. 

AcawUies^ defined, 274. 

Actinism^ 257. 

Action^ defined, 42. Equal toreaction, 48. 

AdheHon^ defined, 21. Experiments il- 
lustratiye o^ 21. 

Adjvtage^ different forms o^ 165. 

Airiform, bodies^ defined, 8. 

Affimiiy, chemical, 9, 195. 

Agents^ defined, 7. 

Air^ composition ot, 9. Tends to stop 
motion, 86. Beslstancc of the, 54; ef- 
fect ot, 59, 62. Exists in every sub- 
stance, 166. Is impenetrable, 166. Is 
compressible, 167. Is elastic, 167. Has 
weight, 168. Density ot, at difi'erent 
levels, 174. Eflfects of its rarity, 175. 
Barefied by heat, 175. Navigation of 
the, 177. Essential to life and combus- 
tion, 184. Supports a column of water 
fi:om 82 to 84 feet high, 187. A non- 
conductor of heat, 201. 

Air-gwn^ the, 168. 

Air-pvmp, the, 177. Single-barrefled, 
178. Double-barrelled, 179. Experi- 
ments with, 180. 

A^ed the Great, his mode of measuring 
time, 126. 

Amaa&n, the, its lUl, 156. Its discharge, 
156. 

Anemametery the, 401. 

Angle, defined, 85. Vertex o<; 85. Eight, 
85. Obtuse, 85. Acute, 85. Visual, 264. 



Anode, defined, 8^ 

Aphelion, of a planet, 874. 

Apogee, S89. 

Apple-cutter, the, 180. 

Aqueducts, of the ancient Bomana, 188. 

Arc, defined, 84. 

Arch, the voltaic, 828. Celestial, 884. 

Archimedes, reasoned by induction, 10. 
Explained the properties of the lever, 
94. Discovered the leading principles 
of spcdfic gravity, 146. His screw, 162. 
Hred the Roman fleet with concave mir- 
rors, 194. 

Aristotle, his doctrine respecting Iklling 
bodies, 54. 

Armature, of magnets, 885. 

Ascending bodies, 59. Height reached 
by, 60. 

Asteroids, the, 892. 

Astronomy, defined, 868. Fundamental 
&cts ot, 869. 

Athermanoue substances, defined, 206. 

Atmosphere, the, 166. Pressure ot; 169, 
174 ; mode of transmitting mails by thet, 
182. How heated by the sun, 204. 
Moisture o^ 404. 

Atomic theory, 17. 

Atom^ what they are, 17. 

Attraction, ot gravitation, 20. Molecular, 
21. Capillary, 146. Between flosting 
bodies, 149. Electrical, 289, 290. Mag^ 
netic, 887. 

Atwood's machine, 56, 57. 

Aurora borealis, 808, 812. 

Atois, of a sphere, 71. 
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SuH«^,lhe6!«MaJ.3W. ThBgBhsnlo, 


welb, 140. ^^^H 


31»;thetrongKaM; Binea'i, 820; Dan- 


CaOmli, deflned, 324. ^^^H 


ieirs,ffiil; QroYeX»*a; BDa»en's,8aa; 


OFtoptric^ ZM. ^^^H 


tUBnyotSaa. Th6Uieniu«lBctrlc8Ba. 


CftOre oC erviitf, -iO. or moenltude, ;i. ^^^^1 




Of motion, Tl. ^^M 


An/ ?;'«<^y. Hdes of the, IBT. 


Cmlrlqr<fl■'^»)^J.■«hllt\til,^0. How U ^^^H 


-Sm«i,b, of light. 280. 


find It, n. Id man. 17. 'r«i.ds to g»t ^^^H 


.^f.TBcniiii.,m EtecDk^am. 


salDWupngBihle,7S. ^^^^H 






common, ITO. 


pleaoC»<,3e. Uwort1ie,SS. It. ef- ^^^H 


Btaddtr-fflof, tie, laL 


Rwt on revnltlBK bdddes, B9, Appanitu ^^^^| 


AV»;»«,(su»oi:m 


toUlnstnito thQ,40. Ga>e Its Ibnu Id ^^^H 


toufa, propulsion 0^ ISO. ahapeotin. 


lheeiitth,41. ^^^m 


BwmitaLiw.aTe. 


CentHpaalfym^aeBned.8'!. ^^^H 


itotfy,!, what « !* T. A Unipl.. 8. A 


Ora, when dlscoTond. 876. ^^^^| 


compoana, 8. Tha simple bodlw, B. 


C«w<4aila.4J(n.ssoa[«orbiHt,ll»I. ^^^H 


Whi!o it Btamla mi &lbi. 13. 


Cumkal afflnH^, a, IVi. ^^^^H 


ai*(ei^ hem imdo. KiO. 




fl«H«l/, process oi; aipklned, aoS. 


Chinat, the, early Kquslnkd with gaa- ^^^^| 


SoSJe, Ihousma-grsto, ]«. 


powder, da. Fhit used the nugaet la ^^^^| 


JKHIli impt. m. leu. 


nsvigadon, 843. ^^^H 


5™rf«, defined, li. 


Chord, what It i>, 236. ^^^^H 


BrmBiiaa. proems dT, nptaUed, ITO. 


OKard*. vocal, 930. ^^^H 


»■«««. Isadwifl MB, m 


CinmiiMei,itiL ^^^^H 


Breuxlei; Sir DatM. fnyeBtad tha kslel- 




dowope, Ml. 


drOe^ defined. 84. Bimplc gBlTanlc, 8It. ^^^^1 


Briim ChaitBet. UdBS of the, XSt. 


The aretlc, 868. The iDtsretlc asa. ^^^^| 


BritUvum. dcdDEid, «3. 


OpsHflllW'mice, deHned, 34. How divided, ^^^^| 


AiotEti. ofn wheel. 153. 


^^^^H 




Olrrua, (he, d^axnl. 40S. ^^^^| 




«7;.V^ifra,the,13fl. Described, 153. In- ^^^H 


Swrninji, pmctns ot 196. 


Tented by CbiMai, 1ST. ^^^H 


A«^«0lrfAi™iS«,a61. 


CUyJa, bow rcgoliii^ US. History oC ^^^^H 




IZS. Feiidlllam^plledto.llS. Voiks ^^^^1 


C. 




CI«h2a bow ltarm«l, 404. Kliidsoi;4». ^^^H 


rol'fiu. regloii ot <03. 


Ouf, diorold. !SS. BdenUe, 1S2. ^^^^H 




Oogt vbMt Uiey im, liS. ^^^^H 






•r'B, aST. 1 CbJif, whBt It IB, 103. ^^^^H 
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Colors, the primary, 255. Difference ot, 
explained, 256. Complementary, 257. 

Columbus, his discovery respecting the 
yariation of the compass, 848. Saved 
himself and his men by predicting an 
eclipse, 896. 

CombueMon, what it is, 196. Produces 
most of om* artificial light, 281. 

Comets, what they consist o^ 897. Their 
orbits, 897. Thefar velocity, 897. Their 
nimiber, 898. 

Compaq land or 8mTeyor''s, 841. Mari- 
ner's, 842. Boxing the, 842. 

CompressHnlity, 19. Of ah-, 20. 

Concord, 285. 

Condensation, 212. Of steam, 218. 

Condenser, the, 184. Of the steam-en- 
gine, 222. 

Condttctometer, the, 199. 

Conductors, of heat, 199. Of electricity, 
298. 

Conjunction, 879. 

Constellations, 886, 899. 

Con/rection, of heat, 202. 

Copernicus, revived the true theray of the 
universe, 870. 

Comeu, ihe,26i. 1186 0^262. 

Covronne des tcusss, the, 820. 

OoraA:, the, 124. 

Crovm^AJoheeL and pinion, 128; combined 
with a trundle, 128. 

Ctesibius, invented the Ufting-pamp, 186. 
Invented the clepsydra, 187. Supposed 
to have invented tiie water-organ, 284. 

Cumulus, the, described, 405. 

Cup, Tantalus's, 186. The phosphorus, 806. 

Cupping-glasses, principle of^ 176. 

Curb, of a watch, 129. 

Curves, magnetic, 888. 

Cylinder, defined, 86. 

B. 

Dag^terreotype process, the, 268. 

Dams, should increase in strength at the 
base, 186. 

Dead-point, the, of a crank, 125. 

Density, 19. In optica, 246. 

Descartes, advanced the undulatory the- 
ory ©flight, 229. 

Dew, how formed, 405. 

Diagonal, defined, 85. 

Diamagnetisni, 867. 



ZHameier, defined, 84. 

Diaihermanous substances, defined, 20QL 

Dionysius, ear of; 281. 

Dioptrics, 246. 

Dip, magnetic, 840. 

Direction, line ot, 71. 

Discharger, the Johited, 298. The uni- 
versal, 298. 

2>i0oord, 286. 

Dispersion, of light, 250. 

Distillation, process o^ described, 212. 

Diving-bell, the, 166. 

Divisibility, deMed,n. Instances of; 18. 

Double cons, may be made to roll up an 
inclined plane, 80. 

Draft, how produced in a chimney, 176. 

Driver, the, 120. 

Drum^ the, 288. 

Ductility, defined, 26. Of platinum, 26. 
Of gold, 26. Of glass, 26. 

Du Fa/y, his theory respecting electricity, 
291. 

.fi%zr, the human, 287. 

Earth, the, owes its form to the centrifii- 
gal force, 41. Magnetic poles o^ 844. 
Form o^ 882. Motions oi; 888. Orbit 
of; 884. Phases oi; to the moon, 890. 
How it would look jfrom the fixed starsi 
895. 

Ear-trumpet, the, 280. 

Echoes, 279. 

EoUpse, of the sun, how produced, 8£R}. 
Annular, 896. Of the moon, 896. 

EcHptic, the, 885. ObUquity oi; 386. 

Eel, the Surinam, 816. 

Elasticity, defined, 24. Perfect, 24. Be- 
longs to hard solids, 24. Of steel, 24. 
A limit to, 25. 

Electricity, a source of light, 282. What 
it is, 289. Nature oi; 290. Sources of, 
290. Developed by friction, 291. Vitre- 
ous, or positive, 292. Eesinous, or nega- 
tive, 292. Conduction oi; 298. Path o^ 
294. Velocity o^ 294. Machines for de- 
veloping, 294; experiments with, 801. 
Mechanical effects of the passage ol^ 804. 
From steam, 810. Atmospheric, 810. 
Voltaic, 816. Difference between fHc- 
tional and voltaic, 824. Developed by 
heat, 832. Connection between mag- 
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netism and, 852. Developed by mag- 
netism, 866. 

ElectHca, 298. 

Electrodes^ what they are, 828. 

Electro-magnetisnt, defined, 849. As a 
motive power, 867. 

Electro-magnets, 866, 867. 

Electro-metaUurgy, 826. 

Electrometer^ the, 809. The quadrant, 
809. 

Electrophorus, the, 808. 

Electroscope, the, 808. 

Electrotypmg, process oi, described, 827. 

Elements, sixty-four in number, 8. Di- 
vided into metals and non-metallic, 8. 
The non-metallic enumerated, 9. 

Endless band, 121. 

EndosTnose, 150. 

Engme, defined, 88. Atmospheric, 219. 
Steam, 219. Hero's, 219. Marquis of 
Worcester's, 220. Savory's, 221. New- 
comen's, 222. Watt's, 222. The low 
pressure, 226. The high pressure, 226. 
The locomotive, 226. 

Eqtiator, the magnetic, 841. The celes- 
tial, 385. 

Equilibrium, stable and unstable, 79. 

EqvdnoctiaZ, the, 885. 

Equinoxes, 885. Precession of the, 886. 

Escapement, of clocks, 127. Of watches, 
128. 

Esquimaux, why they thrive on fiit, 196. 

Evaporation, 211. 

Exosmose, 150. 

Expansibility, 19. Of air, 20. 

Expansion, 207. 

Experiment, what it consists in, 10. 

Extension, defined, 12. 

Eye, the, 260. Pftrts ot, 261. Adaptation 
oi;265. 

F. 

FaculcB, 872. 

Fahrenheit, his thermometrical scale, 214. 

Falling bodies, velocity oi; 54. Law ot, 

56. Bules rclating.to, 58. 
Faraday, his theory of electricity, 292. 
Fata morgancu, 248. 
Figure, defined, 12. 
Fire, St Ekno's, 811. 
Fire-alarm^ electro-magnetic, 866. 
Fire-balls, 812. 



Fire-engine, principle of the, 188. 

Fire-escape, the, 107. 

Mre-house, the electrical, 807. 

Fish, how they rise and sink in water, 145. 
Electrical, 816. 

Flaane, how produced, 196. 

Float-boards, 158. 

Fluids, embrace liquids and aeriform bod- 
ies, 8. Difierence between them and 
soUds, 8. Non-elastic, 25. Elastic, 25. 
Division of elastic, 166. 

Flute, the, principle o^ 288. 

Flyer, the electrical, 805. 

Fly-wheel, the, 125. 

Focus, the principal, 242. The virtual, 244. 

Fog, how formed, 404. 

Force, defined, 7, 26. Striking, 81. Cen- 
trifligal, 87. Centripetal, 87. Ck)rrelation 
and conservation of forces, 198. 

Forge-Jiaanmer, the, 124. 

Fountains, how high they rise, 182. Vac- 
uum, 181. 

Franklin, his theory respecting electric- 
ity, 292. Proved lightning to be produced 
by an electric discharge, 812. Invented 
. the lightning-rod, 815. 

Friction, what it is, 87, 85. How it op- 
poses motion, 86. Kinds of; 85. Slid- 
ing, converted into rolling, 86. Laws 
of^ 86, 87. Modes of lessening, 87. Uses 
ol^ 88. Of one wheel on another, 120. 
Of water against the sides of pipes, 155. 
Of a stream against its banks, 156. En- 
ables the wind to produce waves, 156. A 
source of heat, 197. A source of electric- 
ity, 290. 

Frost, what it is, 406. 

FkUcrwm, what it is, 94. 

Furnace, of a steam-engine, 226. 

Fusee, of a watch, 128. 

Galaxy, the, 400. 

Galileo, his doctrine respecting Ming 
bodies, 54. Invented the pendulum, 67. 
First made a practical use of the tele- 
scope, 272. Established the truth of the 
Copemican system, 871. 

Galle, Dr., discovered Neptune, 894. 

Galleries, whispering, 281. 

Galvani, discovered voltaic electricity, 817. 
His experiment, 817. 
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Galvanism^ 816. {For parHeulara^ see 
Voltaic electricity.) 

GcUvanameter^ the, 851. With astatic 
needle, 852. 

Gamut, the, 284. 

GaseA, what they are, 166. Specific grav- 
ity o^ how found, 148. Exhibit endos- 
mose and exosmose, 150. Ck)ndacting 
power ot, 201. Expansion ot, 210. 

Gearing^ what it is, 121. 

Gioia, FUwio^ improyed the compass, 842. 

Glottic, the, 286. 

Governor^ the, 225. 

GravitaHon, defined, 20. Circnmstances 
attending its discovery, 47. Facts es- 
tablished respecting it, 47. Direction 
oi;48. Laws 0^49. 

Gr<wity^ terrestrial, 46. Laws for the 
force o^ ^. Sometimes causes bodies 
to rise, 58. Centre o^ 70. Used as a 
motive power, 81. Specific, 189. Ta- 
bles of specific, 144. 

Guericke^ invented the air-pmnp, 177. 
His fomons experiment, 178. First con- 
trived an electrical machine, 295. 

Crv/nnery^ 68. 

Gu/n.p<yicder^ principle on which it acts, 
63. Invention o^ 68. Too large charges 
dangerous, 65. Apparatus for firing, 
with electricity, 808. 



Hail, its disastrous efi)ects, 59. How 
formed, 406. 

ffoir-epring^ the, of a watch, 128. 

ffalaa^ what they are, 260. 

nand-glcu»&, the, 180. 

llardnes^y defined, 22. Wanting in fiu- 
ids, 22. Of various solids compared, 22. 

Uarmomy^ what it is, 286. 

Uarp, ^olian, 288. 

Heat, what it is, 192. Dynamic theory, 
192. Sources o^ 198. The sun's, 193; 
how accounted for, 193 ; how it may be 
increased, 194; how &r it penetrates 
into the earth, 194. Below the earth's 
sur&ce, 194. Produced by chemical 
action, 195. Animal or vital, 196. Pro- 
duced by mechanical action, 197. From 
friction, 197. From percussion, 197. 
Mechanical equivalent ot, 198. Produced 
by electricity, 198. Diflfusion of; 198 ; by 



conduction, 199; by convection, 202; by 
radiation, 208. Sadiant, 204; law ot, 
204; reflection o^ 205; absorption oH; 
206; transmission o^ 206. Effects o^ 
207. Instruments for measuring, 2181 
Specific, 216. 

Hddaa, the, 866. Magnetizing power of^ 
856. Itself a magnet, 865. 

HemispherM, the Magdeburg, 178. 

Hero, his steam-engine, 219. 

HermheL, his telescope, 278. Discovered 
Uranus, 875. 

HUro, golden crown ot; 145. 

Hooht, Dr^ added the hair-spring to the 
balance, 127. 

Borieon, the sensible, 884. The rational, 
884. Poles of the, 885. 

fforse, the, strength o^ 82. 

Borse-potoer, defined, 84. 

Humor, aqueous, 261. Yitreous, 261. 

JTurricofMS, 403. 

Rvyghens, applied the pendulum to dock- 
work, 67. Unfolded the undulatory 
theory of light, 229. 

JBydrauUcs, defined, 152. 

JTydrauUcoTu, the, 284. 

Hydrogen, the lightest substance known, 
144. Used for inflating balloons, 176. 
Produces musical sounds, 284. 

Hydrometer, the, 142. 

Hydrostatics, defined, 180. Law oi; 181. 
Hydrostatic paradox, 137. Hydrostatic 
bellowB, 187. Hydrostatic press, 18& 

Hygrometer, the, 404. 

I. 

Ice, process of its formation, 210. 
Iceland spar, exhibits double refiwstkm, 

252. 
Image, an, what it is, 239. 
Impenetrability, defined, 18. Of ahr, 18. 

Instances ot; 18. 
Incandescence, 218. 
Incidence, angle o^ 46. Equal to angle of 

reflection, 46. 
Inclined Plans, the, 110. Law o^ 110. 

Practical applications o^ 111. Law of 

bodies rolling down. 111. 
IndeKtructibUify, defined, 18. Instance! 

oC 18. Anecdote ilhistrative o^ 18. 
Induction^ electrical, 809. Magnetic, 846. 
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Inertia^ defined, 16. Examples ot, 16. 

Experiments illnstratire o^ 15, 16. Fro- 

IK)rtioned to a body's weight, 17. 
IneArmnemta^ optical, 266. Stringed, 282. 

Wind, 288. 
Instdatora, 294. 
Iridivm^ one of the hardest metals, 22. 

The heaviest known substance, 144. 
/ri«, the, 261. Use o^ 262. 
Irorkj great tenacity o^ 28. 

J. 

»/ar, the Leyden, 299. 

Jmio^ when discoyered, 875. 

Jupiter^ Telocity of light ascertained firom 
the eclipses of one of its moons, 284. Its 
seasons, 889. Details of the planet, 892. 

K. 

KcUeidoacope^ the, 241. 
Kepler^ his laws, 877. 

Lamp^ principle on which it brums, 147. 

Lander, shepherds ot, 78. 

Lantern^ a species of wheel, 123. Used 
by King Alfred, 126. The magic, 271. 
Phantasmagoria, 271. 

Larynx^ the, 286. 

ZflfPff, discharge o^ accomited for, 196. 

LeoAoes^ what they are, 122. 

Lengthy defined, 12. 

Lem^ the crystalline, 261. 

Lensee^ what they are, 246. Classes of; 
249. Refraction by convex, 250. Ee- 
fi^ction by concave, 261. Achromatic, 
259. 

Le Sage, first attempted to transmit mes- 
sages by electricity, 263. 

Level, the spirit, 184. The water, 185. 

Z&ver, what it is, 94. Of the first kind, 
94, 95. Practical applications of the, 
98, 100, 102. The bent, 99. The com- 
pomid, 99. Of the second kind, 99. Of 
the third khid, 101. Perpctaal, 104. 
Often combined with the screw, 115. 

Ze Verrier, his prediction verified by the 
discovery of Nejjtnne, 894. 

Ufe-boaU, principle oi; 144. 

L'^e-preservers, principle oi; 144. 

Light, what it is, 229. Gorpnscalar the- 
ory oi; 229. Undulatory theory oi; 229. 



Sonrces oi; 281. Of the son, 232. Of 
the stars, 282. Propagation o^ 282. Ve- 
locity o^ 288. Intensity oi; at different 
distances, 284. Eefiection o^ 286. £e- 
ihiction of; 245. Laws of refi*acted, 246. 
Polarization o^ 258. Dispersion of, 250. 
The electric, 828. The zodiacal, 873. 

LightTwng, 812. Effects of; 813. 

Lighimlng'Tod^ the, 818. 

Lights, northern, 808. 

lAms, a right, defined, 84. ParaDel lines 
defined, 84. A curve, 84. The neutral, 
of a magnet, 884. 

Liqu^actUm, 210. 

lAquids, defined, 8. How they differ fsoita. 
solids, 180. Have little cohesion, 181. 
Compressibility o^ 181. Not devoid of 
elasticity, 181. Pressure o^ 185. Eule 
for finding their pressure on the bottom 
of a vessel, 187. Specific gravity of; 141. 
Exhibit endosmose and exosmose, 150. 
Flow o^ through orifices, 152. Flow 
of; in pipes, 155. Conducting power of; 
201. Expansion of, 209. Converted 
into vapor by heat, 211. Gk)od conduct- 
ors of sound, 276. 

lAmiag Force, 81. 

Loadfione, described, 834. 

Lock, on a canal, 134. 

Locomotive, the, 226. 

Lubricants, 87. 

Ltrngs-glass, the, 181. 

Machines, what they are, 88. Can not 
create power, 88. Law o^ 89. Advan- 
tages of using, 90. All, combinations of 
the six mechanical powers, 120. Must 
be regular in their motion, 125. For 
raistog water, 161. Electrical, 294. Cyl- 
inder, 295, 296. Plate, 297. Hydro- 
electric, 810. Magneto-electric, 867. 

Magic lantern, the, 271. 

Magnetism, defined, 833. Theory oi; 848. 
Terrestrial, 344; intensity o^ 845. By 
induction, 846. By the sun's rays, 847. 
By contact with a magnet, 847. De- 
veloped by electricity, 840. Connection 
between'electricity and, 852. 

Magneto-electricity, 366. Medical use of; 
867. 

Magnets, what they are, 883. Natural 
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834. Poles o^ 834, 887. Power of nat- 
ural, 885. Armed, 885. Artificial, 885. 
Bar, 836. Horse-shoe, 88ft. Componnd, 
836. Power of^ how increased and di- 
minished, 887. Attraction o( 887; law 
o^ 838. Polarity o^ 888. Production 
of artificial, 845. 

Magnifying gUuseSj 251. 

Main-8pringy the, of a watch, 128. 

MaUeaMlUy, defined, 25. Of the metals, 
25,26. 

MariotU's law, 168. 

Mars, details of the planet, 891. 

Matter, defined, 7. Three forms ot, 7. 
Universal properties o^ 12. Accessory 
properties o( 21. 

Mechanical potoera, the, 94. 

Mechanics, defined, 26. 

Medittm, a, what it is, 281. A nnifoim, 
281. A dense, 246. A rare, 246. 

3/^/ody, what it is, 285. * 

Meniscus, what it is, 249.' 

Mercury, details of the planet, 881. 

Meridian, the magnetic, 840. 

Metals, the principal, 9. Specific gravity of 
various, 144. Precious, how tested, 145. 
Protection of; by voltaic electricity, 828. 

Meteorology, defined, 401. 

Melius, supposed to have invented the 
telescope, 272. 

Microscope, wonders revealed by the, 18, 
270. What it is, 268. The simple, 268. 
The compound, 269. Solar, 270. Oxy- 
hydrogen, 270. 

Milky way, the, 400. 

Mill, Barker's, 161. 

Mill-stones, how made in France, 148. 

Mirage, 248. 

Mirrors, concave, Boman fleet fired with, 
194. What thoy are, 237. Plane, 238. 
Concave, 288. Convex, 238. Refiectlon 
fi-om plane, 240. Images formed by 
plane, 241. Befiection fi*om concave, 
242. Befiection from convex, 244. 

Mississippi, the, its discharge, 156. 

Mi<eiures, freezing, 211. 

Mobility, defined, 20. 

Momentum, what it is, 29. Bule for find- 
ing the, 30. 

Monsoons, 402. 

Montgolfier brothers, balloons invented by 
the, 176. 



Moon, the, 889. Produces tides, 157. Size 
o(889. Motions o( 889. Phases o^ 890. 
New, 890. Gibbous, 890. Full, 890. 
How it appears through the telescope^ 
891. Eclipses o( 896. 

Moons, of Jupiter, 892. Of Saturn, 898. 
Of Uranus, 898. 

Morse, his telegraph, 858. His telegraphiks 
alphabet, 861. 

ifb^ton^ what it is, 27. Absolute, 27. Rel- 
ative, 27. Kinds o( 28. Uniform, 28. 
Accelerated, 29. Betardod, 29. Fhrst 
law of; 86. Second law o^ 41. Simple, 

41. Resultant, 41. ParallelogTam o^ 

42. Third law o^ 48. Reflected, 45; 
law o^ 46. Rotary, may keep a body 
firom Ming, 76. Perpetual, 89. Qr- 
cular, how converted into rectilinear, 
124. Alternate up-and-down, how pro- 
duced, 124. Real and apparent, of the 
planets, 880. 

Moti/ce powers^ 81. 
Multiplying glass, the, 252. 
Musch&nbroeck, his electric shock, 800. 

N. 

Nadir, the, 885. 

Natkufdl Philosophy, defined, 9. Modes 
of investigation in, 10. Branches of; 11. 

Netndab,ms. 

Needles, magnetic, 886. HoiWntal, 886. 
Dipping, 836, 841. Astatic, 889. How 
to magnetize, 847. Efi'ects of electric 
currents on magnetic, 849. 

Neptwne, when discovered, 875. First 
called Le Terrier, 875. Details of the 
planet, 394. 

Nerce, optic, 261, 262. Acoustic, 28a 

Newcomen, his steam-engine, 222. 

Newton, discovered the law of gravitation^ 
47. Held the corpuscular theory of light, 
229. 

Nimbus, the, described, 405. 

Non-condudors, of heat, 199. Of elec- 
tricity, 293. 

Non-electrics, 293. 

Non-kiminous bodies, defined, 280. 

North star, distance of the, 399. 

O. 

Observation, what it consists in, 10. 
OccuHation, 880. 
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OcecMi^ the sur&ce o( spherical, 181. 
Pressure ot, at great depths, 136. 

Octaves, what they are, 284. 

Oersted^ discovered the phenomena of 
dectro-magnetism, 8^. 

Oil, how extracted from seeds, 112. 

Opaque bodies, defined, 281. 

Opera-glass^ the, 278. 

Oppoeition^ S19. 

Optics, defined, 229. 

Orga/n, the, 2S4. 

Orifices, velocity of streams flowing 
through, 158. Course of streams flow- 
ing through, 154. Volume dischai^ed 
from, 154. 

Ovfygem,, promotes combustion, 195. Com- 
bines with carbon to produce animal 
heat, 196. 

P. 

Paddles, of a wheel, 160. 

Pallas, when discovered, 875. 

Pallets, of an escapement, 127, 129. 

ParacMite, the, 55. 

Paradoxes, 80. Hydrostatic Paradox, 187. 

Pa/raUc^, 895. 

Parallelogram, defined, 85. Of motion, 42 

Pascal, constructed the first barometer. 
171. 

P€n4M, a, of light, 280. A diverging, 280. 
a converging, 280. 

PendtOum, the, what it is, 65. Laws of 
its vibration, 65, 66. Application to 
clock-work, 67. Vibrates differently in 
different latitudes, 67. Effect of heat 
on its vibrations, 68. Compensation, 68. 
Gridiron, 68. Ballistic, 64. Its use in 
clock-work, 127. 

Penumbra,, the, 285. 

Percussion, a source of heat, 197. A 
source of light, 282. 

Perigee, 889. 

Perihelion, of a planet, 874. 

Perspecti/oe, the magic, 242. 

Perturbations, 894. 

Phantasmagoria, 272. 

Philosophy, meaning of the term, 9. 

Photographic process, the, 268. 

Photosphere, of the sun, 872. 

Physics, another name for Natural Phi- 
losophy, 9; 

PWa, Volta's, 818. The dry, 822. 



Pinions, defined, 122. 

Pipes, flow of liquids in, 155. 

Pisa, tower o^ 75. Scene of an intercst- 
. ing experiment, 54. 

Pistol, the electrical, 804. 

Planets, the, 873. Secondary, 874. Pri- 
mary, 874. Inferior, 874. Superior, 874. 
Orbits of; 874. Table of; 875. Aspects 
of; 378. Are they inhabited, 880. 

Plating, 82§. 

Pnefwmatics, defined, 165. 

Points, the cardinal, 841. Of the com- 
pass, 842. 

Polarity, magnetic, 888. 

Polarization, of light, 262. , 

Poles, of a galvanic battery, 828. Of nat- 
ural magnets, 884. Of artificial mag- 
nets, 887. Magnetic, of the earth, 844. 
Of the horizon, 885. 

Pores, what they are, 18. 

Porosity, defined, 19. Of various sub- 
stances, 19. 

Powers, the mechanical, 94. 

Press, book-binder's, 115. Bramah's hy- 
drostatic (or hydraulic), 138. 

Pressure, of liquids, 135. Of the atmos- 
phere, 169. 

Prisms, refraction by, 248. Decompose 
light, 255. 

Projectile, a, what it is, 60. Forces by 
which it is acted on, 61. Path o^ 61. 
Random o% 62. 

PropeUer, the screw, 160. 

Properties, universal, 12. Accessory, 12. 

Ptolemy, his system of the universe, 370. 

Pulley, the, 108. The fixed, 106. The 
movable, 107. White's, 108. Much of 
its advantage lost by friction, 109. 

Pumfvp, the chain, 162. The lifting, 186. 
The forcing, 187. The centrifugal, 189. 
The stomach, 190. 

Pupil, the, 261. Of beasts of prey, 262. 

Pyramids, the most stable of figures, 74. 
Egyptian, 74. 

Pyrometer, the, 215. 

Pyronormcs, defined, 192. 

Pythagoras, the first to use the term 
philosophy, 9. Taught the true theory 
of the solar system, 370. 

€1. 

Quadrant, defined, 85. 
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Quadrature, 879. 
Quadrilateral, defined, 85. 
Quarter, first, of the moon, 890. Third, 
of the moon, 890. 

Hace^ a, what it ia, 158. 

JSack and pinion, 124. 

jRadiaOon, of heat, 204. 

Radius, defined, 84. 

Radius vector, the, 877. 

Rain, 406. 

Rainbow, the, 259. Primaiy and second- 
aiy, 260. Lmiar, 260. 

Ram, th^ hydraulic, 168. 

Random, 62. At what angle it is great- 
est, 68. 

Rarity, 19. In optics, 246. 

Rays, what they are, 280. Incident, 286. 

Reaction, defined, 48. Equal to action, 48. 
Examples o^ 48. Often nullifies action, 
48. 

Reasoning, by induction, 10. By analo- 
gy, 10. 

Reaunvwr, his thermomdtrical scale, 214. 

Recei/vers, 177. 

Recta/ngle, defined, 86. 

R^ecti&n, angle oi; 46. Eqnal to angle 
of incidence, 46. Of light, 286; great 
law of; 288. 

Refraction, 245. Atmospheric, 247. By 
convex lenses, 250. By concave lenses, 
251. Double, 252. Its effiect on the 
apparent position of the heavenly bod- 
ies, 894. 

Refractory aubsta/nces, defined, 210. 

Refrigerators, what their sides are filled 
with, 200. 

Regulator, of a watch, 129. 

Repulsion, between the particles of a6ri- 
form bodies, 21. Between soBds and 
liquids, 147. Electrical, 290. 

Resistance, what it is, 27. Appears In 
various forms, 84. 

Rest, what it is, 27. Absolute, 27. Eel- 
ativo, 27. 

Restitution, force o^ 24. " 

Retina, the, 261, 262. Images formed on, 
264. 

RTiodiwm, one of the hardest metals, 22. 

Rivers, velocity of; how retarded, 156. 

Rocking horse, the, 76. 



Rocking stones, 79. 

Rocks, how rent, 186. 

Roemer, first used mercnry in the ther- 
mometer, 214. Discovered the velocity 
of Ught, 284. 

Rope-dancers, how they balance them- 
selves, 78. 
Rosse, Earl qf, his tele8c<^)e, 278. 
Rotation, electro-magnetic, 858. 
Rubber, the, 289. 

8. 

Sinfes, what the sides are filled with, 200. 

Sap, how it ascends and descends in 
plants, 151. 

Saturn, details of the planet, 898. 

Savery, his steam-engine, 221. 

Scale, diatonic, 285. 

Scape-wheel, the, of a watch, 127. 

Screw, the, what it consists o( 114. Kinds 
o( 114. Advantage gained by, 114. 
Practical uses oi; 116. Hunter''s, 116. 
The endless, 117. AioUmedes', 162. 

Seasons, the change o^ 886. 

Sea-water, heavier thfn firesh water, 144. 

Sea-saw, the electrical, 801. 

Selenite, pohuizes light, 254. 

Se{f'hMninous bodies, defined, 280. 

ShadotDS, 2»6. 

Shock, the electric, 299; anecdote con- 
nected with, 800. 

ShonMT, the mercury, 182. 

Signal-key, the, 860. 

Sihirus electricus, the, 816. 

Simoom, the, 402. 

Siphon, the, 185. 

Sirius, its light compared with the son^ 
232. Distance of; 899. 

Sirocco, the, 402. 

Sling, the principle on which it acts, 88. 

Smoke, why it rises, 176. 

Snow, protects vegetation, 202. How 
formed, 406. Colored, 406. 

SoUds, defined, 7. Diflference between 
them and fluids, 8. Specific gravity o^ 
142. Porosity o^ proved with the air- 
pump, 184. Expansion o^ 207. Melted 
by heat, 210. 

Solstices, the, 888. 

Sonorous bodies, defined, 275. 

Sorwnd, nature o^ 274. Transmission o^ 
275. Velocity of; 277. Distance to 
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TYaifk, of wheels, 120. Of wheels and 
pinions, 122. 

TranaU, of a planet, 880. 

Translucent bodies, defined, 281. 

Transparent bodies, defined, 281. 

Treadle, the, 125. 

TVevWiick, constructed the first practi- 
cal looomotlye, 227. 

TrianffUy defined, 86. 

Tripoli, formed of fossilized anlmalcolea, 
18. 

7W)pic«, the, 888. 

Tnmdle, a, what it is, 123. 

Tubes, acoustic, 278. Aurora, 802. 

Turbine, the, 169. 

T)/mpanvan, the, 288. 

TypTuxme, iSHSi. 

U. 

XJram,us, when discovered, 876. Its for- 
mer names, 876. Details of the planet, 

893. 

V. 

Vacmimi, what it is, 166. Torricellian, 
172. Fountain, 181. Bell, 188. 

Volte, the safety, 226. 

Vaporization, 211. 

Vapors, what they are, 166. Conducting 
power 0^ 201. Expansion of; 210. 

Foria^ion, magnetic, 340. lines of no, 840. 

Vdooity, what it is, 27. Eule for finding 
the, 2a Of various moving objects, 28. 

Ventriloquism, 287. 

Venus, details of the planet, 882. 

Verge, of a watch, 129. 

Vesta, when discovered, 876. 

Veto, the, 176. 

Viey>s, dissolving, 272. 

Vision, 260. Defects oi; 268. 

Voice, the human, 286; when said to 
change, 28&. Ofthe inferior animals, 287. 

Volta, his theory respecting galvanism, 
818. His pile, 818. Invented the 0(nt- 
ronne des tosses, 820. • 

Fottotc etectricity, 816. Effects of, 824. 
Decomposes, 325. Luminous effects o^ 
828. Heating effects oi; 829. Physio- 
logical effects of; 380. Medically applied, 
831. 

WatcTtes, history oi; 126. Works oi; 128. 
How regulated, 128. Parts of; 129. 



Water J composition of; 9. Used as a mo- 
tive power, 82. Quantity of; on the 
earth's surfboe, 180. Finds its level, 181. 
Conveyed in pipes, 182. How conveyed 
by the ancient Bomans, 182. Its weight 
compared with air, 144. Wheels moved 
by, 168. Machines for raising, 161. Ex- 
pansion of; in freezing, 209. Decom- 
posed by the galvanic battery, 825. 

Water-clock, the, 126, 168. 

Water-organ, the, 284. 

Water-spoi^, 408. 

Watt, his steam-engine, 222. 

Wa/ves, how produced, 166. Height oi; 157. 

Wedffe, the, 112. Used for raising wdghts, 
112. Familiar applications oi; 118. Ad- 
vantage gained by, 118. 

Weighing, double, 97. 

Weight, what it is, 50. Above and below 
the earth's surfiice, 50. Law of; 52. At 
different parts ofthe earth's surftce, 58. 

WeigTU-lifter, the, 182. 

Wells, Artesian, 188. 

WTieel and axle, the, 108. Bhnply a re- 
volving lever, 108. Law of; 104. Dif- 
ferent forms o( 104. 

Wheels, firiction, 88. Enter .largely into 
machinery, 120. Modes of connecting, 
120. Different forms of the chrcnmfer- 
ences o^ 121. Toothed, 122. Varieties 
of toothed, 122. Spur, 122. Cog, 128. 
Mill, 128. Mortice, 128. Crown, 128. 
Bevel, 123. In watches, 129. Under- 
shot, 168. Overshot, 158. Breast, 150. 

WUrhcinds, 408. 

Width, defined, 12. 

Wind, used as a motive "power, 82. How 
produced, 401. Velocity of; how meas- 
ured, 401. Constant winds, 402. Trade- 
winds, 402. Periodical whids, 402. Va- 
riable winds, 403. 

Windlass, the, described, 105. 

Wind-mills, 82. 

Worcester, his steam-engine, 220. 

Work, unit of; 84. 

Wrapping connector, 121. 

Z. 

Zenith, the, 886. 

Zodiac, the, 386. Signs o^ 886. 

Zodiacal Light, the, 878. 
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D. APPLETONA CO.'S PnBLICATIONS. 



Cornell's Physical Geography : 

ACCOMPANIED WFTH NINETEEN PAGES OF MAPS, A GREAT VARIETY OF MAP 

QUESTIONS, AND ONE HUNDRED AND THIRTY DIAGRAMS AND 

PICTORIAL ILLUSTRATIONS ; AND EMBRACING A 

DETAILED DESCRIPTION OF THE 

Physical Features of the United States. 

Ivol. Large 4to. 104 pages. 



The attention of teachers is particularly requested to this new vohime 
by the Author of Cornell's popular Series of Geographies, in the belief 
that it will be found to embrace all that is valuable and interesting in 
this important branch of study, and to be, beyond competition, Ihe best 
text-hook on the subject. It is no mere rehash of time-honored details, but 
has been drawn from original sources, and is on a level with the present 
advanced state of the science. Clearness, adaptation to the school-room, 
inductiveness of arrangement, and the presentation of one thing at a 
time and every thing in its proper place — features which have contrib- 
uted so largely to the success of the other Geographies of the Cornell 
Series — are among its striking characteristics. 

It is interesting to the learner. The dry statistical style usual in 
similar text-books has been avoided, and the great wonders of Nature, 
always fascinating to the inquiring mind, are presented in the most strik- 
ing manner, so as to rivet the attention and impress the memory. 

The illustrations are numerous and beautiful, and are used wherever 
it was thought they would help to elucidate the text. Maps and diagrams 
have been liberally introduced. The maps are executed in the finest 
style of the art — carefully drawn, distinctly engraved, and tastefully col- 
ored according to the most approved style. Each map is accompanied 
with questions in great variety. 

The physical features of our own country receive particular attention 
in a closing chapter. The student is sdded by a fine Physical Map of the 
United States, which (in addition to the features usually presented) shows 
the mean annual temperature of different parts of the country, the vege- 
table products of different sections, and their mineral resources, the rela- 
tive values of the precious metals produced in the several States being 
clearly represented to the eye by an ingenious plan. A Map of Alaska, 
on a comparatively large scale, is also presented. 

It is believed that the above features, besides others which there is 
DO apace here to enumerate, cannot fail to recommend this work to all. 
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It is interesting-, and even fasoinatiiiB, well arranaad, 

and pleasantly written."— E. li[rjtm.JN, Btpt. >^ 

&lwaU, SauJJi. Seiui, laii. 

Such is tbe tenor of numerous letters which we aro 
letantly receiving in relation to this new and most 
valnable Bchoo!-book, Further extracts, showing the 
opiaions of distinguished teachers, are given below. 
Wherever Physical Geograpby is taught (and it should | 
have a place in every school of high grade), tiiis text- 

\ seems destined to supersede all others. 

"After a tlioroogh eifflmiliiillon of tait-bookB od Phyalcai GtcgMphy, wB liavs 
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OOM, A. Jf, /Vino. /Vm Acadtmy, Qmunfl, !f. Y. 

"Attet n careful Burunliuifion of Cornclte Phj-slral (Jeogniphy, I do not 1 
^TGnonacB it guperf or to any ihal I hose seen. In DleamusA uf deflnltUm, In tmlliaad I 
buiuty of lOostmlluni, It Is DUBOrpasBed, ~We eipect loon to Introduce If'—C A. n 
Bsow, flBpf. qf ScAoait, JVmart, O. 

"Tbenvp^ hta thf^n&i I Juw6 eter seen. Tlia £n;rrflvlTi§ra are unoPDnJEy ^ood ; 
the prlndDif Ifl dear, &Dd tbe nurlc of DufiTf^nleikt she. The author boa displayed great 
Judgment in laleedng iDbjeclii, and equ^ aUIl in tbi^ treatnuml. The stylo is ism- 
duneed, prlnolplce oifl oireftilly prceoDted, and trivial doti^a omitted. 1 am convlnood j 
tbot the work win do math to InoHa a eplrit of Inquiry among the pnplls who oeo It, 
whieh wlQ lead to thonm^h stody now and more ea:teoded roeearth la after yeoA,'" — 
a. W. Pttikbidoh, Siipl. qf **ooJ>, XoRterama, tad, 

"The pletorlal lIlDalTaUons are fine and Dbondant; the imipe are oxecated with dlB- 
tinetneea and elegonoa. 1 lUw wen the order and completeDOSa vitb wbh-'h the aubjeeta 
ented. Tho physical f^tntes of the United States aro gtven with etipwM fol- 
neia, I know of no text-book which. Qpna goBeral IslrodnctloD Inlu our Bchoala. wonld 
he attended with more beneficial resulla."— Pbof. G. B. RoaBim, Marietta CoOfgt. 
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■ apace that la encouraglni; to any pupil who wlahoB to purallo this branch.'' 
B. Wiinnra, Prtno. IbmtjrirfnTA ColUgiatt last, 

"It la Just the book tve need In our High Schools. Rinlalnlng. Id addition 
able Katurca u B Physical Oeogmphy, enongb of FoUUcal and CDecrlptlia Gsoemplqf 

irouRh reHew. The arrangenumt of the text, the ^pognphlcal wi 
lllufltmtlDu, aad Iho mspi, ore/aKObH. It la a very atlni.'lirs book."— Qu. W. 
Sapt. ^ Sdioale, Lanoagler. 0. 
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Elements of Astronomy. 

ACCOMPANIED WITH NUMKROUS ILLUSTRATIONS, AND ARAGO^ CELESTIAL CHARTS 
OF THE NORTHERN AND THE SOUTHERN HEBilSPUERE. 

By J. norm:-a.n lockykr. 

AMEBIC AN EDITION, 

Sevlted, enlarged, and tpeciaUy adapted to the wants qf American BchooU, 

1 TOl., 12mo, 820 pages. 



In issuing this tcxt-book by one of the greatest liying astronomers, 
revised and adapted to our schools by an eminent American teacher, the 
Publishers feel that they have done a service to the cause of science in 
this country. Too often, when scientific knowledge characterizes a text- 
book of this character, the style is heavy, and the mode of presentation 
unintelligible ; and, on the other hand, when the treatment is unobjec- 
tionable, there is sometimes a lack of scientific knowledge. In this text- 
book both these essentials are united in the happiest manner. 

Astronomy has made great strides within a few years past ; and Lock- 
yer, who has himself been the pioneer in many important researches, has 
incorporated in the present volume all recent discoveries. Spectrum- 
analysis and its remarkable results, the physical constitution of the sun 
and stars, the solar spots, nebulas, comets, and meteors, are fully dealt 
with in the light of recent developments. The new and correct figures 
obtained for masses, distances, etc., based on the recent determinataon of 
the solar parallax, are given. 

The mode of using both globe and telescope is explained ; indeed, one 
great aim has been to render the volume as practical as possible. The 
fine Star-Maps of Arago, showing the boundaries of the constellations and 
the principal stars they contain, are appended to the volume. They an- 
swer every purpose of a large Celestial Atlas — ^without additional expense 
— ^this being the only text-book, as far as the Publishers are aware, in 
which such an advantage is presented. For those who have neither 
globe nor telescope, plain practical directions are given for finding the 
leading constellations and the principal stars visible in the United States, 
at certain hours, on different days throughout the year. 

The illustrations of the book, some of which are from photographs 
and drawings by De La Rue, Guillemin, and various members of the 
Royal Astronomical Society, will speak for themselves. The text will by 
constant revision be made to keep pace with the progress of astronomica] 
discovery. 
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"ThiB 1b by br the clearest and best mano&l of Astronomy we 

have ever aaen. A oliild may underBtand It-and yet 

it contamH Information which will bo new to 

all who have not time to follow the 

latest discoveries." — Stto 

The Opinion of the critic of the Times, given above, 
13 tliat of all who have examiued thia sterling achool- 
hook, which is winuing golden opinions eyerjTvLero. 
Out of hosts of letters, we have space tor the following 
only: — 

■S5lJii'<Huniciil3gfA»BiM^)»«-wOTf ofr«™eiMlknw. As ■ Uxt-1w«k Sir 
the DBO of «ihi»lB«(«iit»ui7j(Wiivi by uiy wnrk nn fluit snbjeot with whlob 1 mn at- 
jniinlod."— PBOf. Jomi 8. ILut, State Sormai Sckoal, lyatton, If. J. 

"1 think It SD cscelmt work— wen calcnlaled Ibr clua tuu) bypopillof DUuadniilu 
gnde. The iicTwigi:DieDt and tylioeniptay on worthy of eipodal commtnidmlloD. It )■ 
M OoMti aartftr—S. B. Howk, SupL ^ Sf^oale, SJitneoluiii/, ^. Y, 

■' It la Us twt jwhool-biKik on Aitranoiiiy Uul I eier »w. The itpeetu oT th 
lltata, Dad nebulo!, tin wortli Ihe prius of Iho book. The diu^nime uo riiflk 
Q It Bupedor to All olht'f liookh un that sdf'DiM] with whieh I Bm nrqnaiatoi 
ss I Ehidl MO It"— W. n. riTT, A. M^ Prim. FriaidAlp Academy. 
I luttfl (xunliuil nitb dnuji utUbcUsn the admlmble eleniniUuy tnatlu r 
tmnomy bf Locky». It funilaha Ihe reader wlUi the inauis of Icaiidsg hi n 
thdo tho frail Ratnru of the modeni progreM of Aitronomy. Hu book {atef 
h«p«. ToiimKn'H New Chumtatry) liu eppatreii, whleh «o esally, yet thoroughly, pm- 
pnrvx Itao nsder tor the labsoqneiit etady of that mlfthly goiiniry to modem Bdmc£~ 
npectroDi-iuiilyBli. Mttmncr It jireionls. In a dtw mnd enocliiLt Btyle, Uu rubtloiw ut 
the vnrfous [aitt of Itie stelliir aoiverea, beaide< Indoetlng tho lamer Into thil oe^MtMl 
bnneh of ABtn>nauiy known w Oeognphy of the BomeitB. Its llhiilnliiiiu «v Soau- 
Ino Ml to tho rjoraprohenalon of lie inbiect-matter."— Divni Bkitub, fttjrt. Teo§ 
(JK It) dtn Sa/iooli. 

- 1 bin oaaimA It with tsro, and find It sdqilmWy adupled fcr lUo In sdKW 
U to plainly wrlCtea uid to fully fflnBtrBtsd u to render It Bpednhy iDltfd for bpginnm I 
In the ach'nca, md. mt ih? >uno time, profllablo fbr (dTmcsd ttudents.-— P>or, C. »iu 

- II l> ■ dew and beBoUfnl nnlhMInir or a proKmnd and tuflmtln; inbl<«t It 1 
Henu 14 me admlnhly ndaptcd to the aeAdemlc gnde of AtudentA' ^o1 att4Bnpt' 
dlKoae thnac problenu and thcorle* of tho arlence tw wUuh aueli pupils have i. 
the thw- nor the c?ifiulty, the uuthoc hus gif en an ontllDo of thBfiilb>>ct that ll 
(Uf1l(4cnlly compete, ond UiomoijUr modern.''— Poor. DKtDLKY, Prim!, Atbtmy fVa* | 
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Quackenbos's Standard Text-Books: 

AN ENGLISH GRAMMAR: Timo, 288 pages. 

FIRST BOOK IN ENGLISH GRAMMAR: 16mo, 120 pages. 

ADVANCED COURSE OF COMPOSITION AND RHETORIC; 
12ino, 450 pages. 

FIRST LESSONS IN COMPOSITION : 12mo, 182 pages. 

ILLUSTRATED SCHOOL HISTORY OF THE UNITED STATES: 
12iD0, 538 pages. 

ELEMENTARY HISTORY OF THE UNITED STATES: Beauti- 
fully illustratad with Engravings and Maps. 12mo, 230 pages. 

A NATURAL PHILOSOPHY : Just Revised. 12mo, 450 pages. 

APPLETONS* ARITHMETICAL SERIES : Consisting of a Primary, 
Elementary, Practical, Higher, and Mental Arithmetic. 



BenJ. Wilcox, A. M., Princ. Elver Fajls Acad^ Wis.: "I have taught in semi, 
narios in this State and in New York Ibr more than twenty years, and am ftmiliar with 
most of the works that have been issued by different authors within that period; and I 
consider Quackenbos's Text-Books the moti WMOceepUonal in their respective dejMurt' 
ments/'— C. B. Tillinghaat, Princ of Academy, Moosop, Conn.: ""I think Quack- 
enbos^s books the nearest perfection of any I have examined on the varion/i subjocts 
of which they treat.'' 

I'res. Sava,£re, Female CoU^e, Millcrsburg, Ky. : ^ Mr. Q. certainly possesses raro 
qualifications as an author of school-books. His United States History has no equal, 
and his Rhetoric is really indispensable.^ — David 7. Shaub, Pres. Teachers' Inst, 
Fogelsville, Pa.: "I approve of all the Text-Books written by Mr. Quackenbos."— Rev. 
Dr. Winslow, N. Y^ Author of "Intellectual Philosophy:" ^ All the works of this 
excellent author are characterized by clearness, accuracy, thoroughnesa, and complete- 
ness; also by a gradual and continuous development of ulterior results from their pre- 
viously taught elements." 

Eev. Dr. Rivers, Pres. Wesleyan University: "I cordially approve of all the Text- 
Books edited by G. P. Quackenbos."— W. B. McOrate, Princ Acad., E. Sullivan, 
Mc. : "Quackenbos's books need only to be known to be used in all the schools in th« 
State. Wherever they are introduced, they are unioersaUy liked^ — Jas. B. Hue, 
Ck>unty Supt of Schools, Council BlufBs, Iowa: "Any thing that has Quackonbos's 
name is sufficient guarantee with me."— Methodist C^uarterly Beview^, Jan. 
18G0: "Every thing wo have noticed from Mr. Quackenbos shows that the making of 
bookir of this class is his proper vocation." 



Single copies of the above Standard works vrUl he mailed^ post-paid^ for 
examination^ on receipt of one-half the retail prices. Liberal terms made 
for introdttction. Address 

D. APPLETOK & CO., Publishers, 

649 <& 551 Broadway^ New York. 
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LANE MEDICAL LIBRARY 



To avoid fine, this book should be returned 
on or before the date last stamped below. 
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IXP^ of Columbia College. 12mo. 828 pages. 
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